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7000-Series Oscilloscope System Specification 



SYSTEM SPECIFICATIONS 



Your 7000-Series oscilloscope system will provide exceptional flexibility in operation with a wide variety of general and 
special purpose plug-in amplifiers and time bases. The Type number of a particular plug-in identifies it thus: the first digit (7) 
denotes the oscilloscope system (7000); the second character describes the use of the plug-in~A for amplifier. 6 for "real 
time" time base, J or K for spectrum analyzer. L for single-unit spectrum analyzer (a double-width plug-in). M for 
miscellaneous, S for sampling unit, and T for sampling time base. The third and fourth digits in the plug-in title are sequence 
numbers. The table following lists specifications that are dependent upon the system as a whole. 



7000-SERIES OSCILLOSCOPE SYSTEM SPECIFICATION 



Plug-In 

Unit 


7500-Series 


7700-Series 


Vertical System 
Deflection Factor Accuracy* 


SIG 


OUT 


Horizontal System 


Probe 


BW 


B 


BW 


H 




INT CAL 

15® SS^C 


INT CAL 

0-50°C 


BW 


B 


7A11 


Integral 


90 MHz 


3.9 ns 


150 MHz 


2.4 ns 


2% 


3% 


4% 


60 MHz 


5.9 ns 


Horizontal System 

bandwidth with 2 
units of the same type 
operated X-Y with 
phase correction is 2 
MHz for the 7500 
Series, 3 MHz for the 
7700-Series unless 
otherwise stated. 

Without phase correc- 
tion the 7700-Series 
horizontal bandwidth 
upper 10% down 
point is 3 MHz; that 
of the 7500-Series is 5 
MHz. unless otherwise 
indicated. X-Y phase 
shift with correction 
is 2® at 2 MHz for 
both Series unless 
otherwise stated. 

Both the 7700- and 
7500-Series are speci- 
fied as follows: Band- 
width with phase cor- 
rection Is 800 kHz; 
without phase correc- 
tion bandwidth is 1 
MHz ±10%; X-Y phase 
shift with phase cor- 
rection is 1® at 100 
kHz. 


7A12 


None 


75 MHz 


4.7 ns 


105 MHz 


3.4 ns 


2% 


3% 


4% 


55 MHz 


6.4 ns 


P6053 


75 MHz 


4.7 ns 


105 MHz 


3.4 ns 


3% 


4% 


5% 


■ 


6.4 ns 


7A13 


None 


75 MHz 


4.7 ns 


100 MHz 


3 5 nt 


1 1/2% 


2 1/2% 


3 1/2% 


55 MHz 


6.4 ns 


P6053 


75 MHz 


4.7 ns 


100 MHz 


3.5 ns 


1 1/2% 


2 1/2% 


3 1/2% 


55 MHz 


6.4 ns 


7A14 


P6021 


45 MHz 


7.8 ns 


50 MHz 


7.0 ns 


2% 


3% 


4% 


40 MHz 


8.8 ns 


P6022 


75 MHz 


4.7 ns 


105 MHz 


3.4 ns 


2% 


3% 


4% 


50 MHz 


7.0 ns 


7A16 


None 


,90 MHz 


3.9 ns 


150 MHz 


2.4 ns 


2% 


3% 


4% 


60 MHz 


5.9 ns 


P6053 


90 MHz 


3.9 ns 


150 MHz 


2.4 ns 


3% 


4% 


5% 


60 MHz 


5.9 ns 


7A22 


None or 


1.0 MHz 


350 ns 


1 MHz 


350 ns 


2% 


3% 


4% 


1.0 MHz 


350 ns 


Any 


±10% 


' ±9% 


±10% 


±9% 








±10% 

1 


±9% 



*0«fltelion Factor accuracy it checked as follows: 



EXT CAL 0°C (o 50 C. plug-in gam is sal at a lemparatura within 10‘C of operating temperature, using an external calibrator whose accuracy 
is within .25S. 

INT CAL tS°C to 35^C, plug-in gain is sat while operating within a temperature range of -rlS^C to -rSS'^C. using tha oscilloscope calibrator. 

INT CAL 0°C to SO^'c, plug-in gain is set using the oscilloscope calibrator (within 10°C of tha operatirtg temperature) in a temperature range 
between 0''C and -rSO'^C. 
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7000-Series Oscilloscope System Specification 



PLUG-IN OPTIONS 
MAJOR CHARACTERISTICS 
AMPLIFIERS 




Fig. 1. 7A11 FET Probe Wide Send Amplifier (All ipecificetions at 
Probe tipi. 



7A12 Dual Trace Wide Band Amplifier 

Deflection Factor 5 mV/div to 5 V/div, pushbutton 
selected 

Input Resistance 1 within 2 % 

Input Capacitance 24 pF within 1 pF for all deflection 
factors 

DC Offset Equivalent to at least 1000 div 

Operating Modes CH 1 Only, CH 2 Only, Chopped, 
Alternate and Added. Either chan- 
nel can be inverted for differential 
measurements. 



7A11 FET Probe Wide Band Amplifier 
(All specifications at Probe tipi 

Deflection Factor 5 mV/div to 20 V/div 

Input Resistance 1 MQ within 1% 

Input Capacitance 2 to 6 pF depending on Volts/div 
setting 

DC Offset Up to 400 V referred to input 

Attenuation via integral FET Probe and/or amplifier from 
XI through X400 controlled automatically by Volts/div 
switch to prevent display from overscaning screen. 




Fig. 2. 7At2 Dual Traea Wida Band Amplifitr. 
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7000-Series Oscilloscope System Specification 



AMPLIFIERS (Cont) 



7A13 Differential Comparator 
Si Differential Amplifier 

Deflection Factor 1 mV/div to 5 V/div 

Calibrated Compari- 0 to+10 Volts or 0 to -10 Volts 
son Voltages 

Input Resistarrce 1 within 0.15% 

Input Capacitance 20 pF within 0.4 pF 




Fig. 4. 7A14 Currani Probe Amplifier. 

7A16 Wide Band Amplifier 

Deflection Factor 5 mV/div to 5 V/drv 

input Resistance 1 within 2% 

Input Capacitance 15 pF within 0.5 pF 

Bandwidth (See System Specification) Main- 

tains full bandwidth capabilities of 
system over complete range of 
deflection factors 




Fig. 3. 7A13 Differential Compcretoi end Differential Amplifier. 

7A14 Current Probe Amplifier 

Deflection Factor 1 mA/div to 1 A/div 

Input Connector Special BNC connector senses type 
of probe in use and switches inter- 
nal compensation circuit so no gain 
adjustment is needed. 




Fig.S. 7A16 Wide Band Amplifier. 
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7000-Series Osciltoscope System Specification 



AMPLIFIERS (Cont) 




7A22 High-Gain Differential Amplifier 

Deflection Factor 10 pV/div to 10 V/div 

Input Resistance 1 within 1% 

Input Capacitance 47 pF within 2.5 pF 

Displayed Noise 16 pV at 10 pV/div at maximum 
bandwidth, tangentially measured. 



Fig. 6. 7A22 High-Gain Oiflerential Ampiilier. 

REALTIMETIME BASES 



7B50 Time Base 

Sweep Rate 5 $/div to 50 ns/div (5 ns/div with 

X10 MAGNIFIER) in 25 calibrated 
steps 

Triggering To 100 MHz or vertical amplifier 

bandwidth, whichever is less. Sweep 
free runs providing bright baseline 
in the absence of adequate trigger- 
ing signal in P-P AUTO and AUTO 
triggering modes 

Internal Trigger 1 ns or less at 75 MHz 

Jitter 

Display Mode Time-Base for normal sweep 

operation. Amplifier for X-Y 
operation 





Fig. 7. 7B50 Tima Base. 
7B51 Delaying Time Base 



Used singly in 7500-Series oscilloscope as conventional time 
base, or In combination with Type 7B50 as delaying sweep 
time base. 

Sweep Rate and Same as Type 7B50 

Triggering 

Delay Time Multi- 0 to 10 times the time/div setting 
plier Range 

Accuracy 5 s/div to 1 s/div within 2% 0.5 s/ 

div to 1 Ms/div within 1%. 

Multiplier Incre- Within 0.2% 

mental Linearity 

Jitter 1 part or less in 50,000 of 10X the 

TIME/DIV setting 
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Fig. 8. 7BS1 Oalaying Tima Base. 
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7000-Series Oscilloscope System Specification 



Sweep Rate 



Triggering 



Display Mode 



REALTIME TIME BASES (Cont) 



7870 Time Base 

0.02 Vis/div to 5 s/div (2 ns/div 
with XtO MAGNIFIER) in 26 cali- 
brated steps 

To 200 MHz or vertical amplifier 
bandwidth, whichever is less. Sweep 
free runs providing bright base line 
in the absence of adequate trigger- 
irtg signal in P-P AUTO and AUTO 
triggering modes. 

Time-Base for normal sweep opera- 
tion. Amplifier for X-Y operation 
and phase measurements. 




Fig. 9. 7670 Time Bese. 




Fig. to. 7671 Oeteying Time Bese. 



7671 Delaying Time Base 

Used singly in 7700-Series oscilloscope as conventional time 
base, or in combination with Type 7B70 as delaying sweep 
time base. 

Sweep Rate and Same as Type 7B70 

Triggering 

Delay Time Multiplier 
Range 

Accuracy 



Multiplier Incre- 
mental Linearity 

Jitter 



0 to 10 times TIME/DIV setting 
5 s/div to 1 s/div within 2 % 

0.5 s/div to 1 Us/div within 1% 
within 0.2% 

1 part or less in 50,000 of 10X 
TIME/DIV setting. 




7000-Series Oscilloicope Systein Specification 

SAMPLING UNIT 

7S11 Sampling Unit 

Single channel sampling unit accepting all Tektronix 
sampling heads. Vertical characteristics set by the sampling 
head in use. 

OC Offset ±1 volt 

Units/Oiv 2 to 200 

Polarity Display normal or inverted 

Output connectors Offset & Vertical Signal 

Internal Trigger circuits operate with sampling heads con- 
taining trigger pickoff circuitry. Will operate with a second 
7S11 for dual-trace sampling, both controlled by a 7Tt1 
Sampling Sweep Unit. 

Fig. 11. 7S11 Sampling Unit. 



SAMPLING SWEEP 



7T1 1 Sampling Sweep Unit 

Automatically provides equivalent time or real time samp- 
ling process. Random mode or sequential mode available 
during equivalent time sampling. Operates with one or two 
7S1 1 Sampling Units. 

Sweep Rates Equivalent time. 5 ps/Div to 10 

ps/Div Real time. S ms/Div to 0.1 
ps/Div 

Time Position Ranges Equivalent time. 50 ns to 50 ps 
Real time. 0.5 ms to 50 ms 

Triggering Internal (except with S-3 plug-in 

head) or External. 

Modes Frequency Range 

Internal DC to 500 MHz 

External. 50 DC to 500 MHz 

Input 

External. 1 Mfi DC to 100 MHz 
Input 

External, 50 fi 500 MHz to 12.4 GHz 
Input HF sync 

Frequency coverage OC coupled through 12.4 GHz HF 
Sync 

Sensitivity 5 mV to 2 V P-P (50 mV internal) 

Dot Density Variable, 50 to 1000 dots/Div 







Fig. 12. 7T11 Sampling SwMp Unit. 
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7000-Seriet Oscilloscope System Specification 



DELAY LINE 

7M11 50 n Delay Line. Dual Channel 

Signal Delay 75 ns, 30 ps or less time difference 

between channels 

Risetime 175 ps or less 

Attenuation 2X 

Trigger Pickoff Selectable from either channel 

An accessory for sequential sampling systems without inter- 
nal delay lines, or for random sampling systems operated at 
low signal repetition rates requiring a pretrigger. 

Fig. 13. 7M11 SO (1 Oelay Lirtt. Dual channsl. 

SAMPLING HEADS 
Signal Input Heads 

S'2 Sampling Head S-3 Sampling Head 

(with attached probe) 

Input Resistance 50 H 

Risetime 50 ps Input Resistance 100 kH 

Random noise Less than Input Capacitance 2.3 pP 

6 mV Risetime 350 ps 

Random noise Less than 

3 mV 

S-4 Sampling S-5 Sampling Head 

(3 mm input connector) 

Input Resistance 

Input Resistapce 50 H Risetime 

Risetime 25 ps (with 10X probe) 

Random noise Less than Noise 

5 mV 



Special Purpose Heads 



S'50 Pulse Generator Head $-51 Trigger Countdown Head 

(3 mm output connector) (3 mm input connector) 



Trigger Countdown 1 to 18 GHz 
Input Signal Volt- 100 mV P-P to 
age 5VP-P 






Pulse Risetime 25 ps 

Pulse Amplitude -r4(K) mV 

Pulse Duration 1(X) ns, with pre- 

trigger out 



1 wn 

1 ns 

Less than 
500 uV 



S-1 Sampling Head 

Input Resistance 50 

Risetime 350 ps 

Random noise less than 

2 mV 
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SECTION 1 

7704 SPECIFICATION 



7704 



Change information, if any. affecting this section will be found at the rear of the manual. 



Introduction 

The Tektronix 7704 Oscilloscope is a solid-state, high- 
performance instrument designed (or general-purpose appli- 
cations. This instrument accepts Tektronix 7-series plug-in 
units to form a complete measurement system. The flexi- 
bility of this plug-in feature and the variety of plug-in units 
available allow the system to be used for many measure- 
ment applications. 



The 7704 has four plug-in compartments. The left pair 
of plug-ins is connected to the vertical deflection system. 
The right pair is connected to the horizontal deflection 
system. Electronic switchirrg between the plug-ins con- 
nected to each deflection system allows a dual-trace vertical 
display and/or a dual-sweep horizontal display. This instru- 
ment features regulated DC power supplies to assure that 
performance is not affected by variations in line voltage and 
frequency, or by changes in load due to the varying power 
requirements of the plug-in units. Maximum power con- 
sumption of this instrument is about 210 watts (60 hertz, 
1 15-volt line). 



The 7704 features a CRT with small spot size and high 
writing rate. Graticule area is 8 X 10 centimeters. Additi- 
onally. the instrument includes a readout system providing 
CRT display of alpha-numeric information from the plug- 
ins, including deflection factor, sweep rate and other en- 
coded parameters. 

This instrument will meet the electrical characteristics 
listed in Table 1-1 following complete calibration as given 
in Section 5. The performance check procedure given in 
Section 5 provides a convenient method of checking instru- 
ment performance withwjt making internal checks or ad- 
justments. The following electrical characteristics apply 
over a calibration interval of 1000 hours and an ambient 
temperature range of 0°C to ■^50'’C, except as otherwise 
indicated. Warmup time for given accuracy is 20 minutes. 

NOTE 

Many of the measurement capabilities of this instru- 
ment are determined by the choice of plug-in units. 
The followirrg characteristics apply to the 7704 Oscil- 
loscope only. See the system specification later in this 
section for characteristics of the complete system. 



TABLE 1-1 
ELECTRICAL 



VERTICAL 


DEFLECTION SYSTEM 


Deflection Factor 


Compatible with all 7-series plug-in 
units. 


Deflection Accuracy 


Less than 1% difference between 
vertical compartments. 


Low-Frequency 

Linearity 


0.1 division or less compression or 
expansion of a center-screen two- 
division signal when positioned to 
the top and bottom of the graticule 
area. 
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Characteristic 


Performance 


Isolation Between 
Vertical Compart- 
ments 


At least 100:1 from DC to 150 
megahertz. 


Chopped Mode 




Repetition rate 


One megahertz ±20%. 


Time segment 
from each 
compartment 


0.4 to 0.6 microsecond. 


Delay Line 


Permits viewing of leading edge of 
triggering signal. 



Characteristic 



Performance 



1-1 
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Characteristic 


Performance 


Difference in delay 
between compart- 
ments 


0.2 nanosecortd or less. 


Vertical Display 
Modes (selected 
by front-panel 
VERTICAL MODE 
switch) 

1 


LEFT; Left vertical unit only. 

ALT: Dual-trace, alternate between 
vertical units. 

ADD; Added algebraically. 

CHOP; Dual-trace, chopped be- 
tween vertical units. 

RIGHT; Right vertical unit only. 


Trace Separation 
Range for 
Dual-Sweep 
Modes 1 


B trace can be positioned '*'4 to -*-6 
or -4 to -6 divisions from the A 
trace. 


TRIGGERING 


Trigger Source 
(selected by front- 
panel A TRIGGER 
SOURCE and B 
TRIGGER SOURCE 
switches) 


VERT MODE: Determined by ver- 
tical mode. 

LEFT VERT: From left vertical 
unit only. 

RIGHT VERT; From right vertical 
unit only. 


HORIZONTAL DEFLECTION SYSTEM 


Deflection Factor 


Compatible with all 7-series plug-in 
units. 


Deflection Accuracy 


Less than 1% difference between 
compartments. 


Fastest Calibrated 
Sweep Rate 


Two nanoseconds/division. 


Phase Shift Between 
Vertical and Hori- 
zontal Deflection 
Systems (with five 
division peak-to- 
peak signal) 




Without phase 
correction 


2°’ or less from DC to at least 35 
kilohertz. 


With phase 
correction 1 


Adjustable to less than 7 ° from DC 
to two megaheru. 



Characteristic 


Performance 


Chopped Mode 
Repetition rate 


200 kilohertz ±20%. 


Time segment 
from each com- 
partment 


2.0 to 3.0 microseconds. 


Horizontal Display 
Modes (selected by 
front-panel HORI- i 
ZONTAL MODE , 

switch) 


A; A horizontal unit only. 

ALT; Dual-sweep, alternate be- 
tween horizontal units. 

CHOP; Dual-sweep, chopped be- 
tween horizontal units. 

B: B horizontal unit only. 



CALIBRATOR 



Wave Shape 


Square wave. 


Polarity 


Positive going with baseline at zero 
volts. 


Output Voltage 
(selected by front- 
panel CALIBRA- 
TOR switch) 

Open circuit 


4 mV, 40 mV, 0.4 V, 4 V, 40 V. 


Into 50 t^ms 


2 mV, 20 mV, 0,2 V, 0.4 V. 


Output Current 


40 milliamperes through current 
loop. 


Amplitude Accuracy 
(Voltage and Current) 

■H5'‘C to +35°C 


Within 1%. 


0“C to -fSO^C 


Within 2%. 


Repetition Rates 
(selected by front- 
panel RATE switch) 


One kilohertz. 

One-half repetition rate of B Sweep 
gate. 

DC. 


One-Kildtertz 
Accuracy (voltage 
and current) 

-H5‘’C to tSS^C 


Within 0.25%. 





specification-7704 



Characteristic 


Performance 


0®C to +50°C 


Within 0.5%. 


Duty Cycle 


50% ±0.1%. 


Risetime and 
Falltime 

4 mV through 
4 V and 40 mA 


Less than 0.25 microsecond. 


40 V 


Less than two microseconds widt 
10 pF load. 



EXTERNAL Z-AXIS INPUTS 



High Sensitivity Input 
Sensitivity 


Two volts peak to peak provides 
trace modulation over full intensity 
range. 


Useful input volt- 
ages versus repeti- 
tion frequency 


Two volts peak to peak, DC to two 
megahertz: reducing to 0.4 volt 
peak to peak at 20 megahertz 


Polarity of 
operation 


Positive-going signal decreases trace 
intensity; negative-going signal in- 
creases trace intensity. 


Minimum pulse 
width that pro- 
vides intensity 
modulation 


30 nanoseconds at two volts. 


Input Resistance 
at DC 


500 ohms ±10%. 


Maximum input 
voltage 


15 volts (DC peak AC). 


High Speed Input 
Sensitivity 


60 volts peak to peak provides trace 
modulation over full intensity 
range. 


Useful input volt- 
age versus repeti- 
tion frequency 


60 volts peak to peak, DC to 100 
megahertz. 


Polarity of 
operation 


Positive-goir>g signal decreases trace 
intensity; negative-going signal in- 
creases trace intensity. 



Characteristic 


Performance 


Minimum pulse 


3.5 nanoseconds at 60 volts. 


width that pro- 




vides intensity 




modulation 




Input Resistance 


18kitohms±20%. 


at DC 




Maximum input 


60 volts (DC peak AC); 60 volts 


voltage 


peak to peak AC. 



SIGNAL OUTPUTS 



+Sawtooth 

Source (selected 
by internal Sweep 
switch) 


A HORIZ time-base unit or B 
HORIZ time-base unit. 


Polarity 


Positive-going with baseline at zero 
volts ±1 volt (into one megohm). 


Output voltage 
Rate of rise 
into 50 ohms 


50 millivolts/unit of time ±15%.’ 


Into one 
megohm 


One volt/unit of time ±10%.' 


Peak voltage 
into 50 ohms: 


Greater then 500 millivolts. 


Into one 
megohm 


Greater than lOvolts. 


Output resistance 


950 ohms ±2%. 


-f-Gate 

Source (selected 
by internal Gate 
switch) 


A HORIZ time-base unit. 

B HORIZ time-base unit. 

Delaying time-base unit (in A 
HORIZ compartment). 


Output voltage 
Into 50 ohms 


0.5 volt ±10%. 


1 nto one 
megohm 


10 volts ±10%. 


Risetime into 50 
ohms 


20 nanoseconds or less. 



‘unit of litnt wlwtod by tim«-b«M lima/divitiefl (witch. 
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Characteristic 


Performance 


Output resistance 


950 ohms ±2%. 


Vertical Signal Output 
Source 

I 


Determined by B TRIGGER 
SOURCE switch. 


Output voltage 

I 

Into 50 ohms 

I 

I 


25 millivolts/division of vertical 
deflection ±25%. 


Into one meg- 
ohm 


05 volt/division of vertical deflec- 
tion ±25%. 


Output resistance 


950 ohms ±2%. 



CHARACTER GENERATOR 



Character Height 


0.25 to 0.4 division. 


(zeros) 




Word Location 


See Fig. 2-7. 



POWER SUPPLY 



Line Voltage Range ' 
AC, RMS (Selected 
by Line Selector 
assembly on rear 
panel). 

1 15-volts nominal 


90 to 136 volts. 


230-volts nominal 


180 to 272 volts. 


Line Frequency 


48 to 440 hertz. 


Maximum Power 


210 watts, 2.6 amperes at 60 hertz, 


Consumption 


1 15-volt line. 



CATHODE-RAY TUBE (CRT) 



Graticule 

Type 


Internal variable edge lighting. 


Area 


Eight divisions vertical by ten divi- 




sions horizontal. Each division 




equals one centimeter. 


Phosphor 


P31 standard. 



Characteristic , 


Performance 


1 

Resolution 

Horizontal 


At least 12 lines/division. 


Vertical 


At least 12 lines/division. 


Geometry 


0.1 division or less total bowing or 
tilt of a displayed horizontal or ver- 
tical line. 


Beam Finder 


Limits display within graticule area 
when actuated. 


Photographic Writirtg 
Speed (without film 
fogging techniques) 

Tektronix C-51 
Camera with /1. 2 
lens and 1:0.5 
obiect-to-image 
ratio 


At least 3300 centimeters/micro- 
second with Polaroid* Type 410 
film (10,000 ASA) and P31 CRT 
phosphor. 


Tektronix C-27 
Camera with /1.3 
lens and 1:0.5 
object-To- image 
ratio 


At least 2200 centimeters/micro- 
second widi Polaroid Type 410 film 
(10,000 ASA) and P31 CRT phos- 
phor. 



TABLE 1-2 

ENVIRONMENTAL CHARACTERISTICS 



Characteristic 


Performance 




NOTE 


This instrument will meet the electrical characteristics 
given in Table 1-1 over the following environmental 
limits. Complete details on environmental test pro- 
cedures. including failure criteria, etc., can be ob- 
tained from Tektronix, inc. Contact your local Tek- 
tronix Field Office or representative. 


Temperature Range 1 




Operating 


0‘’C to +50®C. 


Non-operating 


-55“C to +75®C. 


Altitude 




Operating 


15,000 feet. 



^Ragifitrad tradarrwk of th« Polaroid Corporation. 
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Characteristic 


Performance 


Non-operating 


Test limit 50,000 feet. 


Electro-magnetic 
Interface (EMI) 
as tested in MIL-I- 
6I81D (when equip- 
ped with option 3 
only) 


1 

1 


Radiated inter- 
ference 


\ Interference radiated from the in- 
strument under test within the 
given limits from 150 kilohertz to 
1000 megahertz. 


Conducted 

interference 


Interference conducted out of the 
instrument urxier test through the 
power cord within the given limits 
from 150 kilohertz to 25 mega- 
hertz. 


Transportation 
(packaged instru- 
ment, without 
plug-ins) 


Qualifies under National Safe Tran- 
sit Committee test procedure 1A. 
Category II. 



TABLE 1-3 
PHYSICAL 



Characteristic 


Performance 


Ventilation 


Safe operating temperature is main- 
tained by convection cooling. Auto- 
matic resetting thermal cutout pro- 
tects instrument from overheating. 


Warm-up Time 


20 minutes for rated accuracy. 


Finish 


Anodized front panel. Blue-vinyl 
painted aluminum cabinet. 


Overall Dimensions 
(measured at maxi- 
mum points) 

Height 


13.5 inches (34.2 centimeters). 


Width 


12.0 inches (30.5 centimeters). 


Length 


21.7 inches (35.1 centimeters). 


Net Weight (instru- 
ment only) 


42 pounds (19.1 kilograms). 



STANDARD ACCESSORIES 

Standard accessories supplied with the 7704 are given in 
the Mechanical Parts List illustrations. For optional acces- 
sories available for use with this instrument, see the Tek- 
tronix, Inc. catalog. 



INSTRUMENT OPTIONS 

General 

The following options are available for the 7704 and can 
be installed as part of the instrument when ordered, or they 
can be installed at a later time. Complete information on all 
options for this instrument is given in this manual. For 
further information on instrument options, see your Tek- 
tronix, Inc. catalog, or contact your local Tektronix Field 
Office or representative. 



Option 1 

This option deletes the Readout System. Operation of 
the instrument is unchanged except that there is no alpha- 
numeric display on the CRT arKJ the READOUT control is 
non-fur>ctional. The Readout System can be added at any 
time by orderir>g the readout conversion kit. 



Option 2 

The X-Y Delay Compensation Network can be added to 
the instrument to equalize the signal delay between the 
vertical and horizontal deflection systems. When this net- 
work is installed and activated, the phase shift between the 
vertical artd horizontal chanrtels is adjustable to less than 2 ^ 
from DC to two megahertz. 



Option 3 

With option 3 Installed, the instrument will meet the 
EMI interference specifications given in Table 1-2. 




SECTION 2 

OPERATING INSTRUCTIONS 



7704 



Change information, if any, affecting this section will be found at the rear of the manual. 



General 

To effectively use the 7704, the operation and capabil- 
ities of the instrument must be known. This section de- 
scribes the operation of the front- and rear-panel controls 
and connectors and gives first time and general operating 
information. 

PRELIMINARY INFORMATION 
0|>erating Voltage 

The 7704 can be operated from either a 1 15-volt or a 
230-volt nominal line voltage source. The Line Selector 
assembly on the rear panel converts this instrument from 
one operating voltage to the other. This assembly also 
includes fuses to provide protection for the lirre-input por- 
tion of this instrument. Use the following procedure to 
obtain correct instrument operation from the line voltage 
available. 




This instrument is designed for operation from a 
power source with its neutral at or near earth 
(ground) potential with a separate safety-earth con- 
ductor, It is not intended for operation from two 
phases of a multi-phase system, or across the legs of a 
single-phase, three-wire system. 



1. Disconnect the instrument from the power source. 

2. Loosen the two captive screws which hold the cover 
onto the selector assembly; then pull to remove the cover. 

3. To convert from 115-volts to 230-volts nominal line 
voltage, or vice versa, pull out the Selector switch bar (see 
Fig. 2-1 ) and plug it back into the remaining holes. Change 
the line-cord power plug to match the power-source 
receptacle or use a 1 1 5- to 230-volt adapter. 

NOTE 

Color-coding of the cord conductors is as follows (in 
accordance with National Electrical Code): 

Line Black 

Neutral White 

Safety earth (ground) Green 



4. Re-install the cover and tighten the captive screws. 

5. Before applying power to the instrument, check 
that the indicator tab on the switch bar is protruding 
through the correct hole for the desired nominal line 
voltage. 




This instrument may be damaged if operated mth the 
Line Selector assembly set to incorrect positions for 
the lirte voltage applied. 



TABLE 2-1 
Regulating Ranges 



Line Selector 


Regulating 


Switch Position 


Range 


115 V 


90 to 136 volts 


230 V 


180 to 272 volts 




Fig. 2-1. Lifw Selector eaembly on reer parrel Itfiowrt with cover 
removectl. 
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The 7704 is designed to be used with a three-wire AC 
power system. If the three- to two-wire adapter is used to 
connect this instrument to a two-wire AC power system, be 
sure to connect the ground lead of the adapter to earth 
(ground). Failure to complete the ground system may allow 
the chassis of this instrument to be elevated above ground 
potential and pose a shock hazard. 

The feet on the rear panel provide a convenient cord 
wrap to store the power cord when not in use (see Fig. 2-2). 



returns to a safe level. Operation of this Instrument in 
confined areas or in close proximity to heat-producing 
instruments may cause the thermal cutout to open more 
frequently. 

Operating Position 

A bail-type stand is mounted on the bottom of this in- 
strument. This stand permits the 7704 to be tilted up about 
10° for more convenient viewing (see Fig. 2-3). In addition, 
the instrument may be operated on the rear feet if desired 
(maximum ambient air temperature limited to ->-40°C). 



Operating Temperature 

The 7704 can be operated where the ambient air temper- 
ature is between 0°C and -*^50°C. This instrument can be 
stored in ambient temperatures between -55°C and 
-r-75°C. After storage at temperatures beyond the operating 
limits, allow the chassis temperature to come within the 
operating limits before power is applied. 



The 7704 is cooled by convection air flow through the 
instrument. Adequate clearance must be provided on all 
sides to allow heat to be dissipated from the instrument. Do 
not block or restrict the air flow through the holes in the 
cabinet. Maintain the clearance provided by the feet on the 
bottom and rear and allow about two inches clearance on 
the top, sides and rear (more if possible). 



A thermal cutout in this instrument provides thermal 
protection and disconnects the power to the instrument if 
the internal temperature exceeds a safe operating level. 
Power is automatically restored when die temperature 




Pig. 2-2. Cord wrap provided on rMr panol (o ttora powar cord. 



PLUG-IN UNITS 



General 

The 7704 is designed to accept up to four Tektronix 
7-$eries plug-in units. This plug-in feature allows a variety of 
display combinations and also allows selection of band- 
width, sensitivity, display mode. etc. to meet the measure- 
ment requirements. In addition, it allows the oscilloscope 
system to be expanded to meet future measurement 
requirements. The overall capabilities of the resultant 
system is in large part determined by the characteristics of 
the plug-in selected. A list of the currently available plug-ins 
for this instrument along with their major specifications, is 
given in Section t. For more complete information, see the 
current Tektronix, Inc. catalog. 

Installation 

To install a plug-in unit into one of the plug-in compart- 
ments, align the slots in the top and bottom of the plug-in 




Fig. 2-3. Instrucnant posillonpd on txil-typ* tund. 
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with the associated guide rails in the plug-in compartment. 
Push the plug-in unit firmly into the plug-in compartment 
until it locks into place. To remove a plug-in, pull the re- 
lease latch on the plug-in unit to disengage it and pull the 
unit out of the plug-in compartment. Plug-in units can be 
removed or installed without turning off the instrument 
power. 



It is not necessary that all of the plug-in compartments 
be filled to operate the instrument; the only plug-ins 
needed are those required for the measurement to be made. 
However, at environmental extremes excess interference 
may be radiated into this instrument through the open 
plug-in compartments. Blank plug-in panels are available 
from Tektronix, Inc. to cover the unused compartments; 
order Tektronix Part No. 016-0155-00. 



BASE) compartment. Any compatible 7B-series plug-in can 
be used asadelayed time-base in theB HORIZ compartment. 

X-Y displays can be obtained in two ways with the 7704 
system. If a 7B-series time-base plug-in is available which 
has an amplifier feature, the X signal can be routed throu^ 
one of the vertical uni« via the internal-trigger pickoff 
circuitry to the horizontal system. Then, the vertical signal 
(Y) is connected to the remaining vertical unit. Also, a 
7A-$eries amplifier plug-in can be installed in one of the 
horizontal compartments for X-Y operation. 

Special purpose plug-ins may have specific restrictions 
regarding the plug-in compartments in which they can be 
installed. This information will be given in the instruction 
manuals for these plug-ins. 



When the 7704 is calibrated in accordance with the cali- 
bration procedure given in this instruction manual, the 
vertical and horizontal gain are normalized. This allows 
calibrated plug-in units to be changed from one plug-in 
compartment to another without recalibration. However, 
the basic calibration of the individual plug-in units should 
be checked when they are installed in this system to verify 
their measurement accuracy. See the operating instructions 
section of the plug-in unit instruction manual for verifica- 
tion procedure. 

The plug-in versatility of the 7704 allows a variety of 
display modes with many different plug-ins. Specific infor- 
mation for obtaining these displays is given under Display 
Combinations later in this section. However, the following 
information is provided here to aid in plug-in installation. 



CONTROLS AND CONNECTORS 

Genera) 

The major controls and connectors for operation of the 
7704 are located on the front panel of the instrument. 
Several auxiliary furKtions are provided on the rear panel. 
Fig. 2-4 shows the front and rear panels of the 7704. To 
make full use of the capabilities of this instrument, the 
operator should be familiar with the function and use of 
each of these controls and connectors. A brief description 
of each control and connector is given here. More detailed 
operating information is given under General Operating 
Information. 



Cathode-Ray Tube (CRT) 



To produce a single-trace display, install a single-channel 
vertical unit (or dual-channel unit set for single-channel 
operation) in either of the vertical compartments. For dual- 
trace displays, either install a dual-channel vertical unit in 
one of the vertical compartments or install a single-channel 
vertical unit in each vertical compartment. A combination 
of a single-channel and dual-channel vertical unit allows a 
three-trace display: likewise, a combination of two dual- 
channel vertical units allows a four-trace display. 



ASTIG 



A INTENSITY 



For single time-base displays, the time-base unit can be 
placed in either horizontal compartment. However, for dual 
time-base displays, other considerations must be taken into 
account. In the ALT position of the VERTICAL MODE 
switch and ALT or CHOP position of the HORIZONTAL 
MODE switch, the plug-ins in the LEFT VERT and B 
HORIZ compartments are displayed together and the 
RIGHT VERT and A HORIZ plug-ins are displayed 
together. Therefore, the vertical and horizontal plug-ins 
must be correctly mated if a special display is desired. If 
delayed sweep operation is desired, a delaying time-base FOCUS 
unit must be installed in the A HORIZ (DELAYING TIME 



Screwdriver adjustment used in 
conjurtction with the FOCUS con- 
trol to obtain a well-defined dis- 
play. Does not require readjustment 
in normal use. 



Controls brightness of the trace 
produced by the plug-in unit in the 
A HORIZ (DELAYING TIME 
BASE) compartment. Light behind 
the 'A' of A INTENSITY indicates 
when this control is operative. Con- 
trol is inoperative (li^t off) when 
the A plug-in is not selected for dis- 
play by the HORIZONTAL MODE 
switch or when the A HORIZ com- 
partment is vacant. 



Provides adjustment for optimum 
display definition. 
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B INTENSITY 



BEAM FINDER 
(PULL LOCK) 

READOUT 
CONTROL ILLUM 



TRACE ROTATION 

GRAT ILLUM 

Mode Selectors 
VERTICAL MODE 



Controls brightness of the trace 
produced by the plug-in unit in the 
B HORIZ compartment. Light be- 
hind the 'B' of B INTENSITY indi- 
cates when the control is operative. 
Control is inoperative (light off) 
when the B plug-in is not selected 
for display by the HORIZONTAL 
MODE switch or when the B HORIZ 
compartment is vacant. 



Compresses display within graticule 
area independent of display posi- 
tion or applied signals. Momentary 
actuation provided when button is 
pressed; display remains com- 
pressed when knob is pulled out- 
ward to lock it in the "find" 
position. 



Controls brightness of the readout 
portion of the CRT display. In the 
fully counterclockwise position, the 
Readout System is inoperative. 



Controls illumination level of push- 
button switches on 7704 and the 
associated plug-ins. 



OFF: All pushbutton lights off. A A TRIGGER 
and B INTENSITY lights remain SOURCE 
at low intensity to provide a 
power-on irtdication. 



LOW: All pu^buttons illuminated 
at low intensity. 



HIGH: Pushbuttons illuminated at 
maximum intensity. 



Screwdriver adjustment to align 
trace with horizontal graticule lines. 



Controls graticule illumination. 



Selects vertical mode of operation. 



HORIZONTAL 

MODE 



LEFT: Signal from plug-in unit in 
LEFT VERT compartment is 
displayed. 



CHOP: Signals from plug in units in 
both LEFT VERT and RIGHT 
VERT compartments are dis- 
played. Display switched be- 
tween vertical plug-ins at a one- 
megahertz repetition rate. 

ADD: Signals from plug-in units in 
both LEFT VERT and RIGHT 
VERT compartments are alge- 
braically added and the algebraic 
sum displayed on the CRT. 

ALT: Signals from plug-in units in 
both LEFT VERT and RIGHT 
VERT compartments are dis- 
played. Display switched be- 
tween vertical plug-ins after each 
sweep except for delayed sweep 
operation. Then, the display is 
switched between vertical plug- 
ins after every second sweep. 
When theHORIZONTAL MODE 
switch is set to ALT or CHOP, 
sweep-slaving is provided. 

RIGHT: Signal from plug-in unit in 
RIGHT VERT compartment is 
displayed. 

Selects source of internal trigger 

signal for the time-base in the A 

HORIZ compartment. 

VERT MODE: Trigger signal auto- 
matically follows the vertical dis- 
play except in CHOP (vertical); 
then the trigger signal is the 
same as for ADD. 



LEFT VERT: Trigger signal is ob- 
tained from plug-in unit in 
LEFT VERT compartment. 

RIGHT VERT: Trigger signal is ob- 
tained from plug-in unit in 
RIGHT VERT compartment. 

Selects horizontal mode of opera- 
tion. 

A: Signal from plug-in unit in the A 
HORIZ compartment is dis- 
played. 
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ALT: Signals from plug-in units in 
both A HORIZ and B HORIZ 
compartments are displayed. 
Display switched between hori- 
zontal plug-ins at end of each 
sweep. 


RATE 




CHOP: Signals from plug-in units in 
both A HORIZ and B HORIZ 
compartments are displayed. 
Display switched between hori- 
zontal plug-ins at a 0.2- 
megahertz repetition rate. 






B; Signal from plug-in unit in the B 
HORIZ compartment is dis- 
played. 




B TRIGGER 
SOURCE 


Selects source of interrtal trigger sig- 
nal for the time-base in the B 
HORIZ compartment. 






VERT MODE: Trigger signal auto- 
matically follows the vertical dis- 
play except in CHOP (vertical); 
then trigger signal is the same as 
for ADO. 






LEFT VERT; Trigger signal is 
obtained from plug-in unit in 
LEFT VERT compartment. 






RIGHT VERT; Trigger signal is ob- 
tained from plug-in unit in the 
RIGHT VERT compartment. 


Outputs 
+ SAWTOOTH 


VERT TRACE 
SEPARATION (B) 


Vertically positions the trace pro- 
duced by the plug-in unit in the B 
HORIZ compartment up to four 
divisions with respect to the trace 
produced by the plug-in unit in the 
A HORIZ compartment. 


+ GATE 


Calibrator 






CALIBRATOR 


Selects amplitude of output at CAL 
connector. Outputs available from 
four millivolts to 40 volts into high- 
impedance load, in decade steps: or 
from two millivolts to 0.4 volts into 
50'Ohm load (output into 50 ohms 
shown in brackets on panel). 


CAL 



Selects the mode and repetition 
rate of the output from the Calibra- 
tor, 



DC (current only): 40 milliampere 
DC current through current 
loop. No voltage at CAL connec- 
tor. 



1 kHz; Calibrator operates at one- 
kilohertz rate. 40-milliampere 
square-wave current through cur- 
rent loop and square-wave volt- 
age (amplitude determined by 
CALIBRATOR switch) at CAL 
connector. 



B GATE -r 2 : Calibrator operates at 
one-half the repetition rate of 
the gate signal from the time- 
base unit in the B HORIZ com- 
partment. 40-milliampere 
square-wave current through cur- 
rent loop and square-wave volt- 
age (amplitude determined by 
CALIBRATOR switch) at CAL 
connector. 



DC (volts only): DC voltage avail- 
able at CAL connector (ampli- 
tude determined by CALIBRA- 
TOR switch). No current 
through 40 mA current loop. 



Positive-going sample of sawtooth 
signal. Internal switch allows selec- 
tion of sawtooth from time-base in 
the A HORIZ compartment or the 
B HORIZ compartment. 

Positive-going gate signal coincident 
with the respective sweep. Internal 
switch allows selection of one of 
three gate signals; A gate from time- 
base in A HORIZ compartment, B 
gate from time-base in B HORIZ 
compartment, or delayed gate from 
delaying time-base in A HORIZ 
compartment. 

Provides positive-going calibrator 
output when voltage operation is 
selected (see calibrator RATE). 
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40 mA Current 
Loop 



Ground 
Inot labeled) 



SIG OUT 



Rear Pane) 

Line Selector 
(not labeled) 

PROBE POWER 



Z AXIS INPUTS 



J1075 



Cord Wrap 
(not labeled) 






Probe loop providing calibrator cur- 
rent output when current operation 
is selected (see calibrator RATE). 



Binding post to establish common 
ground between the 7704 and any 
associated equipment. 



FIRST-TIME OPERATION 



General 

The following steps demonstrate the use of the controls 
and connectors of the 7704. It is recommended that this 
procedure be followed completely for familiarization with 
this instrument. 



Provides output signal from the ver- 
tical plug-ins. Source of the output 
signal at the SIG OUT connector is 
selected by the 8 TRIGGER 
SOURCE switch (see B TRIGGER 
SOURCE for description of sources 
available). 



Switching assembly to select the 
nominal operating voltage (115 or 
230 volts). The assembly also in- 
cludes the line input fuses. 

Power source for active probe 
systems. 



Set-up Information 

1 . Set the front-panel controls as follows: 



A INTENSITY 


Counterclockwise 


FOCUS 


Midrange 


B INTENSITY 


Counterclockwise 


BEAM FINDER 


Released 


READOUT 


OFF 


CONTROL ILLUM 


OFF 


GRAT ILLUM 


Counterclockwise 


POWER 


Off 


CALIBRATOR 


4 V 


RATE 


1 kHz 


VERTICAL MODE 


LEFT 


A TRIGGER SOURCE 


VERT MODE 


HORIZONTAL MODE 


A 


VERT TRACE 


Midrange 


SEPARATION (B) 
B TRIGGER SOURCE 


VERT MODE 



Input connectors for intensity mod- 
ulation of the CRT display. 

2. Connect the 7704 to a power source that meets the 
voltage and frequency requirements of this instrument. If 
HIGH SPEED; Input connector for available line voltage iSr outside the limits of the Line 

high-amplitude Z-axis signals; Selector switch (on rear panel), see Operating Voltage in 
usable from DC to 100 MHz. this section. 



HIGH SENSITIVITY; Input con- 
nector for low-amplitude Z-axis 
signals; usable for signals with 
repetition rates of DC to 10 
megahertz: input voltage de- 
rating necessary between 2 and 
10 megahertz. 



Nine-pin connector which provides 
remote single-sweep reset and ready 
indication for the time-base units in 
the A HORIZ and B HORIZ com- 
partments (with compatible time- 
base units only). 



3. Insert Tektronix 7A-series amplifier units into both 
the LEFT VERT and RIGHT VERT compartments. Insert 
Tektronix 7B-$eries time-base units into both the A HOR IZ 
and B HORIZ compartments. 



4. Set the POWER switch to ON. Allow several minutes 
warmup so the Instrument reaches a normal operating tern 
perature before proceeding. 



5. Set both vertical units for a vertical deflection fac- 
tor of two volts/division and center the vertical position 
controls. 



Feet on rear panel provide a cord 

wrap to store the power cord when 6. Set both time-base units for a sweep rate of 0.5 

not in use. milliseconds/division in the auto, internal trigger mode. 
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7. Advance the A INTENSITY control until the trace 
is at the desired viewing level (near midrange). 

8. Connect the CAL connector to the input of the left 
vertical unit with a BNC-to-BNC patch cord (supplied 
accessory). 



9. Adjust the FOCUS control for a sharp, well-defined 
display over the entire trace length. (If focused display can- 
not be obtained, see Astigmatism Adjustment in this 
section.) 

10. Disconnect the input signal and position the trace 
with the left vertical unit position control so it coincides 
with the center horizontal line of the graticule. 



1 1 . If the trace is not parallel with the center horizontal 
line, see Trace Alignment Adjustment in this section. 



12. Rotate the GRAT ILLUM control throughout its 
range and notice that the graticule lines are illuminated as 
the control is turned clockwise (most obvious with tinted 
filter installed). Set control so graticule lines are illuminated 
as desired. 



Calibration Check 

13. Connect the CAL connector to the input connectors 
of both vertical units with the BNC-to-BNC jumper leads. 



14. The display should be two divisions in amplitude 
with five complete cycles ^own horizontally. An incorrect 
display indicates that the plug-ins need to be recalibrated. 
See the instruction manual of the applicable unit for com- 
plete information. 



Vertical and Horizontal Mode 

IS. Notice that the position controls of only the left 
vertical unit and the A time-base unit have any effect on 
the displayed trace. Position the start of the trace to the 
left line of the graticule with the A time-base unit position 
control and move the trace to the upper half of the grati- 
cule with the left vertical unit position control. 



16. Press the RIGHT button of the VERTICAL MODE 
switch. Also press the B button of the HORIZONTAL 
MODE switch. Advance the B INTENSITY control until 
the trace is at the desired viewing level (about midrange). 



1 7. Notice that the position controls of only the right 
vertical unit and the B time-base unit have any effect on the 
displayed trace. Position the start of the trace to the left 
graticule line with the B time-base position control and 
move the display to the bottom half of the graticule with 
the right vertical unit position control. 



18. Press the ALT button of the VERTICAL MODE 
switch. Notice that two traces are displayed on the CRT. 
The top trace is produced by the left vertical unit and the 
bottom trace is produced by the right vertical unit; the 
sweep for both traces is produced by the B time-base unit. 
Reduce the wveep rate of the B time-base unit to 50 milli- 
seconds/division. Notice that the display alternates between 
the left and right vertical plug-ins after each sweep. Turn 
the B time-base sweep rate switch throughout its range. 
Notice that the display alternates between vertical units at 
all sweep rates. 



19. Press the CHOP button of the VERTICAL MODE 
switch. Turn the B time-base unit sweep rate switch 
throughout its range. Notice that a dual trace display is 
presented at all sweep rates, txjt unlike ALT. both vertical 
units are displayed on each sweep on a time sharing basis. 
Return the B time-base unit sweep rate switch to 0.5 milli- 
second/division. 



20. Press the ADD button of the VERTICAL MODE 
switch. The display should be four divisions in amplitude. 
Notice diat the position control of either vertical unit 
moves the display. Return the VERTICAL MODE switch to 
the LEFT position. 



21. Press the ALT button of the HORIZONTAL MODE 
switch. Two displays should be presented on the CRT. If 
the displays overlap, adjust the VERT TRACE SEPARA- 
TION (B) control to position one trace to the bottom of 
the graticule area. Turn the sweep rate switches of both 
time-base units throughout their range. Notice that each 
time-base unit controls one of the displays independently 
of the other time-base unit. Also notice that when one of 
the time-base units is set to a slow sweep rate (below about 
50 milliseconds/division) sweep alternation is evident. Only 
one of the traces is presented on the CRT at a time. Return 
the sweep rates of both time-base units to O.S millisecond/ 
division. Adjust the A INTENSITY control. Notice that it 
changes the intensity of the trace produced by the A time- 
base unit only. Likewise, the B INTENSITY control 
changes the intensity of the trace produced by the B time- 
base unit only. Return both intensity controls to the de- 
sired level. 



22. Press the CHOP button of the HORIZONTAL 
MODE switch. Notice that two traces are shown on the 
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CRT in a manner similar to the ALT display. Turn the 
sweep rate switches of both time-base units throughout 
their range. Notice that two traces are displayed on the 
CRT at all sweep rates. Also notice that when both time 
base units are set to a slow sweep rate (50 milliseconds/ 
division or slower), both traces are visible on the CRT at 
the same time. Return the sweep rate switches of both time 
base units to 0.5 milltsecorKJ/division. 



23. Set the CALIBRATOR switch to 0.4 V. Press the 
CHOP button of the VERTICAL MODE switch. Four 
traces should be displayed on the CRT. If not, adjust the 
vertical unit position controls and the VERT TRACE SEP- 
ARATION (B) control to position the four traces onto the 
viewing area. Adjust the position controls of the plug-in 
units to identify which traces are produced from each of 
the plug-in units (use identify feature of vertical unit, if 
available). Also, set one of the time-base units to a sweep 
rate of 1 millisecorKf/division. Notice that the vertical de- 
flection produced by the LEFT VERT unit is displayed at 
the sweep rate of both the A HORIZ and B HORIZ time- 
base units and that the vertical deflection produced by the 
RIGHT VERT plug-in unit is also displayed at the sweep 
rate of both the A HORIZ and B HORIZ time-base units. 



24. Press the ALT button of the HORIZONTAL MODE 
switch. Notice that the display is very simitar to the display 
obtained in the previous step. The main difference in this 
display is that the sweeps are produced alternately by the 
time-base units (noticeable only at slow sweep rates). 



25. Press the ALT button of the VERTICAL MODE 
switch. Set the CALIBRATOR switch to 4 V. Notice that 
only two traces are displayed on the CRT. Also notice that 
one of the traces is produced by the left vertical unit at the 
sweep rate of the B time-base unit and the other trace is 
produced by the right vertical unit at the sweep rate of the 
A time-base unit. This feature is called sweep-slaving, and is 
obtained only when the VERTICAL MODE switch is in the 
ALT position and the HORIZONTAL MODE switch is in 
either the ALT or the CHOP position. 



Triggering 

26. Press the LEFT button of the VERTICAL MODE 
switch and the A button of the HORIZONTAL MODE 
switch. Center the display on the CRT with the left vertical 
unit position control. Disconnect the input signal from the 
right vertical unit input connector. Sequentially press all of 
the VERTICAL MODE switch buttons. Notice that a stable 
display is obtained in all positions of the VERTICAL 
MODE switch (straight line in RIGHT position). 



27. Press the LEFT VERT button of the A TRIGGER 
SOURCE switch. Again, sequentially press all of the VER- 



TICAL MODE buttons. Notice that the display is again 
stable In ail positions, as in the previous step. 

28. Press the RIGHT VERT button of the A TRIGGER 
SOURCE switch. Sequentially press all the VERTICAL 
MODE switch buttons and notice that a stable display can- 
not be obtairted in any position. This is because there is no 
input signal connected to the right vertical unit. 

29. The B TRIGGER SOURCE switch operates in a 
similar manner to the A TRIGGER SOURCE switch when 
the 6 time-base unit is selected for display. 

Control Illumination 

30. Notice that only the light associated with the A 
INTENSITY control is illuminated. Sequentially press all 
the HORIZONTAL MODE switch buttons and notice the A 
or B INTENSITY lights; these intensity lights indicate 
which intensity control is active. These lights also provide 
an indication that the POWER switch is on. Set the CON- 
TROL ILLUM switch to the LOW position. Notice that the 
selected pushbuttons of the 7704 ar>d the plug-in units are 
illuminated. 



31. Change the CONTROL ILLUM switch to the HIGH 
position. Notice that the selected pushbuttons of the 7704 
and the plug-in units are illuminated at maximum intensity. 

Readout 

32. Turn the READOUT control clockwise until a 
digital display is visible within the top or bottom division of 
the CRT. Char>ge the deflection factor of the vertical unit 
that is selected for display. Notice that the readout display 
char>ges as the deflection factor is char>ged. Likewise, 
change the sweep rate of the time-base unit which is selec- 
ted for display. Notice that the readout display for the 
time-base unit changes also as the sweep rate is changed. 

33. Set the time-base unit for magnified operation. 
Notice that the readout display changes to indicate the cor- 
rect magnified sweep rate. If a readout coded X10 probe is 
available for use with the vertical unit, install it on the 
input connector of the vertical plug-in. Notice that the 
deflection factor indicated by the readout is increased by 
10 times when the probe is added. Return the time-base 
unit to normal sweep operation and disconnect the probe. 

34. Sequentially press all of the VERTICAL MODE 
switch buttons and the HORIZONTAL MODE buttons. 
Notice that the readout from a particular plug-in occupies a 
specific location on the display area. If any of the plug-in 
units is a dual-trace unit, notice that the readout for 
channel 2 appears within the lower division of the CRT. 
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Beam Finder 

35. Set the vertical deflection factor of the vertical plug- 
in which is displayed to 0.1 volt/division. Notice that a 
square wave display is not visible since the deflection ex- 
ceeds the scan area of the CRT. 



36. Press the BEAM FINDER button. Notice that the 
display is returned to the viewing area in compressed form. 
Release the BEAM FINDER switdi and notice that the 
display again disappears from the viewing area. Pull the 
BEAM FINDER outward so it locks in the "find" position. 
Notice that the display is again returned to the viewing area 
in compressed form, but that in this position it remains on 
the viewing area as long as the BEAM FINDER switch is 
locked In the outward position. 



37. With the BEAM FINDER switch locked in the out- 
ward position, increase the vertical and horizontal deflec- 
tion factor until the display is reduced to about two divi- 
sions vertically and horizontally (when the time-base unit is 
in the time-base mode, change only the deflection factor of 
the vertical unit). Adjust the position controls of the dis- 
played vertical unit and the time-base unit to center the 
compressed display about the center lines of the graticule. 
Press the BEAM FINDER switch in and release. Notice that 
the display remains within the viewing area. 



Calibrator 

38. Set the RATE switch to the 8 GATE ^2 position. 
Press the A button of the HORIZONTAL MODE switch 
and set the B time-base unit for free-runnirtg operation. 
Change the sweep rate of the time-base unit in the B 
HORIZ compartment and notice that the repetition rate of 
the displayed signal changes as the sweep rate is changed. 
The repetition rate of the displayed signal is one-half the 
repetition rate of the gate sigrtal produced by the B time- 
base unit (approximately 10 times the setting of the B 
sweep rate switch). Also notice that the amplitude of the 
square wave is adjustable with the CALIBRATOR switch. 



39. Set the RATE switch to DC (volts only). Establish a 
ground reference level on the CRT (such as center horizon- 
tal line of graticule). Set the vertical unit for DC input 
coupling. Notice that the display is a straight line deflected 
from the ground reference line by the amount selected by 
the CALIBRATOR switch. 



40. If a current-probe amplifier plug-in is available, the 
current function of the Calibrator can be demonstrated. 
Install the current-probe amplifier plug in unit in the 7704 
and press the VERTICAL MODE button which will display 
this unit. Set the RATE switch to the 1 kHz position. Con- 
nect the curent probe to the 40 mA current loop (observe 
current direction shown by arrow). Set the deflection 



factor of the current-probe amplifier to display several divi- 
sions of the calibrator waveform. Change the setting of the 
CALIBRATOR switch and notice that this has no effect on 
the current-amplifier display. Set the RATE switch to the B 
GATE ^2 position. Notice that the display is the same 
amplitude as obtained previously, but that the repetition 
rate is variable with the B HORIZ sweep rate switch. 
Change the RATE switch to the DC (volts only) position. 
Notice that there is no current through the current loop as 
shown by no deflection on the CRT. The DC (current only) 
function can be demonstrated only with a current-probe 
that is sensitive to DC current. 

Z-Axls Input 

41. If an external signal is available (five volts peak-to- 
peak minimum), the function of the Z-AXIS INPUTS can 
be demonstrated. Remove the 6NC caps from both Z-AXIS 
INPUTS (on rear panel). Connect the external signal to 
both the input connector of the displayed vertical unit and 
the HIGH SENSITIVITY connector. Set the sweep rate of 
the displayed time base to display about five cycles of the 
waveform. Adjust the amplitude of the signal generator 
until intensity modulation is visible on the display (change 
the vertical deflection factor as necessary to produce an 
on-screen display). The positive peaks of the waveform 
should be blanked out and the negative peaks intensified. 
Notice that the setting of the intensity controls determines 
the amount of intensity modulation that is visible. 

42. Disconnect the external signal from the HIGH 
SENSITIVITY connector and reconnect it to the HIGH 
SPEED connector. Again increase the amplitude of the sig- 
nal generator until trace modulation is apparent on the 
displayed waveform. Notice that a higher amplitude signal 
is necessary to produce trace modulation. Again, the posi- 
tive peaks of the waveform should be blanked out and the 
negative peaks intensified. Also, notice that the setting of 
the intensity controls affects the amount of trace modula- 
tion. The major difference between these two methods of 
obtaining trace modulation is that the HIGH SENSITIVITY 
input is more sensitive, but that the HIGH SPEED input has 
a higher usable frequency range. Replace the BNC caps on 
both Z AXIS INPUTS. 

43. This completes the description of the basic opera- 
ting procedure for the 7704. Instrument operations not 
explained here, or operations which need further explana- 
tion are discussed under General Operating Information. 

TEST SET-UP CHART 

General 

Fig. 2-S shows the front and rear panels of the 7704. 
This chart may be reproduced artd used as a test-setup 
record for special measurements, applications or proce- 
dures, or it may be used as a training aid for familiarization 
with this instrument. 
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7704 TEST SET>UP CHART 




REAR PANEL (not ihown) 

Line Seleetor-115 V Q. 230 V Q. 

Connaeliont dm connactor and type of intarconnacling laad Or cable) 
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GENERAL OPERATING INFORMATION 

Simplified Operating Instructions 

General. The following information is provided to aid in 
quickly obtaining the correct setting for the 7704 controls 
to present a display. The operator should be familiar with 
the complete function and operation of this instrument as 
described in this section before using this procedure. For 
detailed operating information for the plug-in units, see the 
instruction manuals for the applicable units. 

Single-Trace Display. The following procedure will pro- 
vide a display of a single-trace vertical unit against one time- 
base unit. For simplicity of explanation, the vertical unit is 
installed in the LEFT VERT compartment and the time- 
base unit is installed in the A HORIZ compartment. Other 
compartments can be used if the following procedure is 
changed accordingly. 

1. Install a 7A-series vertical unit in the LEFT VERT 
compartment. 

2. Press the LEFT button of the VERTICAL MODE 
switch. 

3. Install a 78 series time-base unit in the A HORIZ 
compartment. 

4. Press the A button of the HORIZONTAL MODE 
switch. 



5. Press the VERT MODE button of die ATRIGGER 
SOURCE switch. 

6. Set the POWER switch to ON. Allow several min- 
utes warmup. 

7. Connect the signal to the input connector of the 
vertical unit. 



8. Set the vertical unit for AC input coupling and cali- 
brated deflection factors. 



9. Set the time-base unit for peak-to-peak auto mode, 
internal triggering at a calibrated sweep rate of one milli- 
second/division. 



10. Advance the A INTENSITY control until a display 
is visible (if display is not visible with A INTENSITY at 



about midrange, press SEAM FINDER switch and adjust 
the vertical deflection factor until the display is reduced in 
size vertically; then center compressed display with vertical 
and horizontal position controls: release BEAM FINDER). 
Adjust FOCUS control for well-defined display. 

11. Set the vertical deflection factor and vertical posi- 
tion control for a display which remains within the grati- 
cule area vertically. 

1 2. If necessary, set the time-base triggering controls for 
a stable display. 

13. Adjust the time base position control so the display 
begins at the left line of the graticule. Set the time-base 
sweep rate to display the desired number of cycles. 

Dual-Trace Display. The following procedure will pro- 
vide a display of two single-trace vertical units against one 
time-base unit. 



1. Install 7A-series vertical units in both vertical plug- 
in compartments. 

2. Press the LEFT button of the VERTICAL MODE 
switch. 

3. Install a 7B-series time-base unit in the A HORIZ 
compartment. 

4. Press the A button of the HORIZONTAL MODE 
switch. 



5. Press the VERT MODE button of the A TRIGGER 
SOURCE switch. 



6. Set the POWER switch to ON. Allow several min- 
utes warmup. 



7. Connect the signals to the input connectors of the 
vertical units. 



8. Set the vertical units for AC input coupling and 
calibrated deflection factors. 



9. Set the time-base unit for peak-to-peak auto mode, 
internal triggering at a sweep rate of one millisecond/ 
division. 
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to. Advance the A INTENSITY control until a display 
is visible {if display is not visible with A INTENSITY at 
midrange, press BEAM FINDER switch and adjust vertical 
deflection factor until display is reduced in size vertically; 
then center compressed display with vertical and Itorizontal 
position controls; release BEAM FINDER). Set FOCUS 
control for well-defined display. 



11. Set the left vertical unit deflection factor for a dis- 
play about four divisions in amplitude. Adjust the vertical 
position control to move this display to the top of the 
graticule area. 



12. Press the RIGHT button of the VERTICAL MODE 
switch. 



13. Set the right vertical unit deflection factor for a 
display which is about four divisions in amplitude (if dis- 
play cannot be located, use BEAM FINDER switch). Posi- 
tion this display to the bottom of the graticule area with 
the RIGHT VERT position contfol. 

14. Press the ALT or CHOP button of the VERTICAL 
MODE switch. A dual-trace display of the signal from the 
LEFT VERT and RIGHT VERT plug ins diould be presen- 
ted on the CRT. (For more information on choice of dual- 
trace mode, see Dual-Trace Displays in this section). 



15. If necessary, adjust the time-base triggering controls 
for a stable display. 



16. Adjust the time-base position control so the display 
begins at the left graticule line. Set the time-base sweep rate 
for the desired horizontal display. 

Dual-Sweep Display. The following procedure will pro- 
vide a dual-sweep display of a single-trace vertical unit 
against two time-base units. 



1. Install a 7A-series vertical unit in the LEFT VERT 
compartment. 



2. Press the LEFT button of the VERTICAL MODE 
switch. 



3. Install 7B-$eries time-base units in both the A 
HORtZ and B HORIZ compartments. 



4. Press the A button of the HORIZONTAL MODE 
switch, 



6. Press the VERT MODE buttons of the A TRIGGER 
SOURCE and B TRIGGER SOURCE switches. 



6. Set the POWER switch to ON. Allow several min- 
utes warmup. 



7. Connect the signal to the input connector of the 
vertical unit. 



8. Set the vertical unit for AC input coupling and cali- 
brated deflection factors. 



9. Set both time-base units for peak-to-peak auto 
mode, internal triggering at a sweep rate of one millisecond/ 
division. 



10. Advance the A INTENSITY control until a display 
is visible (if display is not visible with A INTENSITY at 
midrange, press BEAM FINDER switch and adjust vertical 
deflection factor until display is reduced in size vertically; 
then center compressed display with vertical position con- 
trol; release BEAM FINDER). Set FOCUS control for well- 
defined display. 

11. Set the vertical unit for a display about four divi- 
sions in amplitude and move the display to the top of the 
graticule area with the vertical position controls. 

12. If necessary, set the A time-base unit for stable trig- 
gering, 



13. Set the A time-base sweep rate for the desired dis- 
play. 

14. Press the B button of the HORIZONTAL MODE 
switch. 

15. Advance the B INTENSITY control until a display 
is visible (if display is not visible with B INTENSITY at 
midrange, press BEAM FINDER switch and adjust the 
vertical deflection factor until display is reduced in size 
vertically; then center compressed display with vertical 
position control; release BEAM FINDER). 

16. If necessary, set the B time-base unit for stable trig- 
gering. 

17. Set the B time-base unit sweep rate for the desired 
display. 
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18. Press the ALT or CHOP button of the HORIZON- 
TAL MODE switch (see Dual-Sweep Displays in this section 
for further information on selecting sweep mode). 



19. Adjust the VERT TRACE SEPARATION (B) con- 
trol to position the trace produced by the B time-base unit 
with respect to the trace produced by the A time-base unit. 



Dual-Trace/Dual-Sweep Displays. The following pro- 
cedure will provide a dual-trace, dual-sweep display of two 
single-trace vertical units against two time-base units (four 
traces displayed on CRT). 

1. Install 7A-series vertical units in both vertical com- 
partments. 

2. Press the LEFT button of the VERTICAL MODE 
switch. 



3. Install 76-series time-base units in both horizontal 
compartments. 

4. Press the B button of the HORIZONTAL DISPLAY 
switch. 



5. Press the VERT MODE buttons of the A TRIGGER 
SOURCE and B TRIGGER SOURCE switches. 

6. Set the POWER switch to ON. Allow several min- 
utes warmup. 

7. Connect the signals to the input connectors of the 
vertical units. 



8. Set the vertical units for AC input coupling and 
calibrated deflection factors. 



9. Set both time-base units for peak-to-peak auto 
mode, internal triggering at a sweep rate of one millisecond/ 
division. 



10. Advance the 6 INTENSITY control until a display 
is visible (if display is not visible with 6 INTENSITY at 
midrange, press BEAM FINDER switch and adjust the 
LEFT VERT deflection factor until display is reduced in 
size vertically: then center compressed display with LEFT 
VERT position controls: release BEAM FINDER). Set 
FOCUS control for well-defined display. 



11. Set the LEFT VERT deflection factor for a display 
which is about two divisions in amplitude and position the 
display to the top of the graticule area. 



12. If necesary, adjust the B time-base unit triggering 
controls for a stable display. 



13. Position the start of the trace to the left graticule 
line with the B time-base unit position control. Set the B 
time-base unit sweep rate for the desired display. 



14. Press the RIGHT button of the VERTICAL MODE 
switch and the A button of the HORIZONTAL MODE 
switch. 

15. Advance the A INTENSITY control until a display 
is visible (if display is not visible with A INTENSITY at 
midrange, press BEAM FINDER switch and adjust the 
RIGHT VERT deflection factor until display is reduced in 
»ze vertically: then center compressed display with RIGHT 
VERT position control: release BEAM FINDER). 

16. Set the RIGHT VERT deflection factor for a dis- 
play about two divisions in amplitude and position the dis- 
play just below the center horizontal line of the graticule. 

17. If necessary, adjust the A time-base unit triggering 
controls for a stable display. 

18. Position the start of the trace to the left graticule 
line with the A time-base unit position control. Set the A 
time-base sweep rate for the desired display. 



19. Press the ALT or CHOP button of the HORIZON- 
TAL MODE switch. 

20. If necessary, adjust the VERT TRACE SEPARA- 
TION (B) control to separate the two traces. 



21. Press the CHOP button of the VERTICAL MODE 
switch. 

22. Adjust the vertical position controls and the VERT 
TRACE SEPARATION (B) controls as necessary to obtain 
the desired display. 



Sweep-Slaving Display. The following procedure will 
provide a dual-trace, dual-sweep display where the LEFT 
VERT unit is displayed only at the sweep rate of the 8 
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time-base unit and the RIGHT VERT unit is displayed only 
at the sweep rate of the A time-base unit. 

t. Follow steps 1 through 19 of the previous pro- 
cedure for Dual-Trace/Oual-Sweep Displays. 

2. Press the ALT button of the VERTICAL MODE 
switch . 

3. If necessary, adjust the VERT TRACE SEPARA- 
TION (6) control to separate the two traces. The vertical 
deflection produced by the unit in the LEFT VERT com- 
partment is displayed at the sweep rate of the time-base in 
the B HORIZ compartment, and the vertical deflection pro- 
duced by the unit in the RIGHT VERT compartment is 
displayed at the sweep rate of the time-base in the A 
HORIZ compartment. 



Delayed-Sweep Display. The following procedure will 
provide a delayed-sweep display of a single-trace vertical 
unit. 



1. Follow the complete procedure given under Single- 
Trace Displays. 

2. Be sure the time-base unit installed in the A HORIZ 
(DELAYING TIME BASE) compartment is a delaying time- 
base unit. 



3. Install a 7B-series time-base unit in the B HORIZ 
compartment. 

4. Follow the procedure given in the instruction man- 
ual for the delaying sweep time-base unit to obtain a 
delayed-sweep display. 



5. Press the B button of the HORIZONTAL MODE 
switch and advance the B INTENSITY control until a dis- 
play is visible. Only the delayed sweep is shown on this 
display. 



6. Press the ALT or CHOP button of the HORIZON- 
TAL MODE switch. 



7. If necessary, adjust the VERT TRACE SEPARA- 
TION (B) control to separate the two traces. This display 
provides a simultaneous presentation of the delaying (A 
HORIZ) time-base unit and the delayed (B HORIZ) time- 
base unit. 



X-Y Display. The following procedure will provide an 
X-Y display (one signal versus another rather than against 
time). 

NOTE 

Some FB-series time-base units have provisions for 
amplifier operation in the X-Y mode; see X-Y Opera- 
tion in this section for details of operation in this 
manner. 



1. Install 7A-series amplifier units in both the LEFT 
VERT and the A HORIZ compartments. 

2. Press the LEFT button of the VERTICAL MODE 
switch and the A button of the HORIZONTAL MODE 
switch. 

3. Set the POWER switch to ON. Allow several 
minutes warmup. 

4. Connect the X-signal to the amplifier unit in the A 
HORIZ compartment. 

5. Connect the Y-signal to the amplifier unit in the 
LEFT VERT compartment. 

6. Set both amplifier units for AC input coupling and 
calibrated deflection factors. 



7. Advance the A INTENSITY control until a display 
is visible (if display is not visible, press SEAM FINDER 
switch and adjust the deflection factors of both amplifier 
units until display is reduced in size both vertically and 
horizontally, then center compressed display with the posi- 
tion controls: release BEAM FINDER). 

8. Set the deflection factor of both amplifier units for 
the desired display and center the display with the position 
controls. The amplifier unit in the A HORIZ compartment 
controls the horizontal deflection and the unit in the LEFT 
VERT comparlnrcnt controls the vertical deflection. 



Intensity Controls 

The 7704 has three separate intensity controls. The A 
INTENSITY control determines the brightness of the dis- 
play produced by the plug-in in the A HORIZ compart 
ment. Likewise, the 6 INTENSITY control determines the 
brightness of the display produced by the plug-in in the B 
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HORIZ compartment. The READOUT intensity control 5. Turn the FOCUS control fully counterclockwise 

determines die brightness of only the readout portion of and set the ASTIG adjustment to midrange, 
the CRT display. 



The setting of the intensity controls may affect the 
correct focus of the display. Slight readjustment of the 
FOCUS control may be necessary when the intensity level 
is changed. To protect the CRT phosphor, do not turn the 
intensity controls higher than necessary to provide a satis- 
factory display. The light filters reduce the observed light 
output from the CRT. When using these filters, avoid 
advancing the intensity controls too high as the trace may 
become de-focused. When the highest intensity display is 
desired, remove the filters and use only the clear faceplate 
protector (permanently installed behind bezel). Apparent 
trace intensity can also be improved in such cases by 
reducing the ambient light or using a viewing hood. Also, be 
careful that the intensity controls are not set too high when 
changing the time-base unit sweep rates from a fast to a 
slow sweep rate, or when changing to the X-Y mode of 
operation. The instrument incorporates protection circuitry 
which automatically reduces the display intensity to a 
lower level when either of the time-base units is set to a 
slow sweep rate. This reduces the danger of damaging the 
CRT phosphor at these slower sweep rates. 



Astigmatism Adjustment 

If a well-defined display cannot be obtained with the 
FOCUS control, adjust the ASTIG adjustment as follows: 

NOTE 

To check for proper setting of the ASTIG adjust- 
ment, slowly turn the FOCUS control through the 
optimum setting. If the ASTIG adjustment is cor- 
rectly set. the vertical and horizontal portions of the 
display will come into sharpest focus at the same 
position of the FOCUS control. This setting of the 
ASTIG adjustment should be correct for any display. 
However, it may be necessary fo reset the FOCUS 
control slightly when the intensity of the display is 
changed. 



1. Connect the CAL connector to the input of the 
vertical unit with a BNC-to-BNC jumper lead. 



2. Set the CALIBRATOR switch to 4 V and the RATE 
switch to 1 kHz. Adjust the vertical deflection factor to 
produce a two- or three-division display. 



3. Set the time-base unit for a sweep rate of 0.2 
millisecond/division. 



4. Set the A INTENSITY control so the display is at 
normal intensity (about midrange). 



€. Adjust the FOCUS control so the top and bottom 
of the displayed square wave are as thin as possible but not 
elongated. 



7. Set the ASTIG adjustment so the top and bottom of 
the displayed square wave are as thin as possible. 



8. Repeat parts 6 and 7 for the best overall focus. 



Trace Alignment Adjustment 

If a free-running trace is not parallel with the horizontal 
graticule lines, set the TRACE ROTATION adjustment as 
follows; Position the trace to the center horizontal line and 
adjust the TRACE ROTATION adjustment so the trace is 
parallel with the horizontal graticule lines. 

Graticule 

The graticule of the 7704 is internally marked on the 
faceplate of the CRT to provide accurate, no-parallax meas- 
urements. The graticule is divided into eight vertical and ten 
horizontal divisions. Each division is one centimeter square. 
In addition, each major division is divided into five minor 
divisions at the center vertical and horizontal lines. The 
vertical gain and horizontal timing of the plug-ins are cali- 
brated to die graticule so accurate measurements can be 
made from the CRT. The illumination of the graticule lines 
can be varied with the GRAT ILLUM control. 

Fig. 2-6 shows the graticule of the 7704 and defines the 
various measurement lines. The terminology defined here 
will be used in all discussions involving graticule measure- 
ments. 
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Light Filter 

The tinted filter provided with the 7704 minimites light 
reflections from the face of the CRT to improve contrast 
when viewing the display urrder high ambient light condi- 
tions. This filter should be removed for waveform photo 
graphs or when viewing high writing rate displays. To 
remove the filter, pull outward on the bottom of dte plastic 
CRT mask and remove it from the CRT. Remove the tinted 
filter (leave the metal light shield in place) and snap the 
plastic CRT mask back into place. A clear plastic faceplate 
protector is mounted between the CRT faceplate and the 
bezel. This faceplate protector should be left in place at all 
times to protect the CRT faceplate from scratches. 

An optional mesh filter is available for use with the 
7704. This filter provides shielding against radiated EMI 
(electro magnetic interference) from the face of the CRT. It 
also serves as a light filter to make the trace more visible 
under high ambient light conditions. The mesh filter fits in 
place of the plastic CRT mask and the tinted filter. The 
filter can be ordered by Tektronix Part No. 378 0603-00. 

Beam Finder 

The BEAM FINDER switch provides a means of locating 
a display which overscans the viewing area either vertically 
or horizontally. When the BEAM FINDER switch is 
pressed, the display is compressed within the graticule area. 
This switch can also be pulled outward to lock it in the 
beam-finder position. The latter feature is convenient when 
attempting to locate traces from more than one of the plug- 
in units in the 7704. Press the BEAM FINDER switch in to 
release it from the locked position. To locate and reposition 
an overscanned display, use the following procedure; 

1. Press the BEAM FINDER switch in (or if desired, 
pull it outward to the lock position). 



2. While the display is compressed, increase the vertical 
and horizontal deflection factors until the vertical deflec- 
tion is reduced to about two divisions and the horizontal 
deflection is reduced to about four divisions (the horizontal 
deflection needs to be reduced only when in the X-Y mode 
of operation). 

3. Adjust the vertical and horizontal position controls 
to center the display about the vertical and horizontal cen- 
ter lines of the graticule. 

4. Release the BEAM FINDER switch; the display 
should remain within the viewing area. 

Control Illumination 

The CONTROL ILLUM switch determjr>es the illumina- 
tion level of the pushbutton switches on the 7704 and 



the associated plug-in units. This switch controls the illu- 
mination of only the pushbutton switches on the plug-in 
units and does not affect the intensity of lights which are 
used as function indicators (for example, it does not affect 
the illumination of the ready light on a time-base unit 
which has the single-sweep feature). In the OFF position all 
pushbutton lights on the 7704 and the associated plug- 
ins are off. The A and B INTENSITY lights remain on 
at low intensity to provide a power-on indication. In the 
LOW position the selected buttons are illuminated at low 
intensity. This is the recommended position for the CON- 
TROL ILLUM switch, since it provides an adequate indica- 
tion of wvitch position and also results in longest bulb life. 
The HIGH position provides maximum intensity for the 
pushbuttons and can be used so the selected switch is ob- 
vious even under high ambient light conditions. 

NOTE 

H the Readout System is not installed in this instru- 
ment (Option 1). disregard the following information. 
Also, the READOUT control has no effect upon in- 
strument operation in this case. 

Readout 

The Readout System of the 7704 allows alphanumeric 
display of information on the CRT along with the 
analog waveform displays. The Information displayed by 
the Readout System is obtained from the plug-in units 
which are installed in the plug-in compartments. The char- 
acters of the readout display are written by the CRT beam 
on a time-shared basis with the signal waveforms. However, 
the waveform display is interrupted for only about 20 
microseconds for each character that is displayed. Only 
about 0.1% of total available display time (including retrace 
and holdoff time of time-base unit) is used to display eacf 
character. 



The readout information from each plug-in is called a 
word. Up to eight wwds of readout information can be 
displayed on the 7704 CRT (two channels from each 
of the four plug-in compartments). The location at which 
each readout word is presented is fixed and is directly rela- 
ted to the plug-in unit and channel from which it origina- 
ted. Figure 2-7 shows the area of the graticule where the 
readout from each plug-in unit and/or channel is displayed. 
Notice that the readout from channel t of each plug-in unit 
is displayed within the top division of the graticule and the 
readout from channel 2 is displayed directly below within 
the bottom division of the graticule. Only the readout from 
plug-ins and/or channels which are selected for display by 
the VERTICAL MODE or HORIZONTAL MODE switches, 
or by the mode switches of dual-channel plug-ins. appear in 
the readout display. 

An "identify" feature is provided by the Readout Sys- 
tem to link the readout word with the originating plug-in 
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Fig. 2-7. Location of raadout on tha CRT idantifylng tha originating 
plug-in and channel. 

unit and channel (amplifier units only). When the “Iden- 
tify'' button of an amplifier unit is pressed, the word IDEN- 
TIFY appears in the readout location allocated to that plug- 
in and channel. Other readout words in the display remain 
unchanged. When the "Identify" button is released, the 
readout display from this plug-in channel is again displayed. 
Circuitry may also be provided in the amplifier unit which 
produces a noticeable change in the artalog waveform dis- 
play to also identify the associated trace when the "Iden- 
tify" button is pressed; see die plug-in instruction manuals 
for details. 

The READOUT control determines the intensity of only 
the readout portion of the display independent of the other 
traces. The Readout System is inoperative in the fully 
counterclockwise OFF position. This may be desirable 
when the top and bottom divisions of the graticule are to 
be used for waveform display, or when the trace interrup- 
tions necessary to display characters do not allow a satis- 
factory waveform display to be obtained. 

Vertical and Horizontal Mode Switch Logic 

There are 20 possible combinations of VERTICAL 
MODE and HORIZONTAL MODE switch settings. The to- 
tal possible number of display combinations is further mul- 
tiplied by the variety of plug in units available for use with 
this instrument (such as voltage amplifiers, current ampli- 
fiers, sampling units, etc.), the interchangeability of plug-ins 
(i.e,, an amplifier or time-base unit can be installed in 
either of the vertical or horizontal compartments), or by 
the capabilities of the plug-in units which are used in this 
instrument (e.g., a dual-trace vertical unit can be used in 
either of the two single-channel modes, in either dual-trace 
mode or added algebraically; a delaying time base may be 



used either for a normal sweep or for delayed sweep). 
Therefore, it is difficult to list all of the display combina- 
tions which can occur using the 7704 and the plug-in 
units which are available since the display combinations 
possible are dictated by the specific combination of plug-in 
units used. Table 2-2 lists the combination of VERTICAL 
MODE and HORIZONTAL MODE switch positions avail- 
able and the type of display provided with each combina- 
tion. For further information on operation in each position 
of the VERTICAL MODE and HORIZONTAL MODE 
switch positions, see the following sections on Vertical 
Mode and Horizontal Mode. 



Vertical Mode 

Left and Right Mode. When the LEFT or RIGHT but- 
ton of the VERTICAL MODE switch is pressed, only the 
signal from the plug-in unit in the selected compartment is 
displayed. 

Alternate Mode. The ALT position of the VERTICAL 
MODE switch produces a display which alternates between 
the plug-in units in the LEFT VERT and RIGHT VERT 
compartments with each sweep of the CRT. Although the 
ALT mode can be used at all sweep rates, the CHOP mode 
provides a more satisfactory display at sweep rates below 
about 20 milliseconds/division. At these dower sweep rates, 
alternate-mode switching becomes visually perceptible. 



The A and B TRIGGER SOURCE switches allow selec- 
tion of the triggering for an alternate display. When these 
switches are set to the VERT MODE positions, each sweep 
is triggered by the signal being displayed on the CRT. This 
provides a stable display of two unrelated signals, but does 
not indicate the time relationship between the signals. In 
either the LEFT VERT or the RIGHT VERT positions, the 
two signals are displayed showing true time relationship. 
However, if the signals are not time related, the display 
from the plug-in which is not providing a trigger signal will 
be unstable on the CRT. 



When the ALT vertical mode is selected and either the 
ALT or CHOP buttons of the HORIZONTAL MODE 
switch are pressed, the instrument operates in a sweep- 
slaving mode. Under this condition, the LEFT VERT unit is 
always displayed at the sweep rate of the time-base unit in 
the 8 HORIZ compartment and the RIGHT VERT unit is 
displayed at the sweep rate of the time-base unit in the A 
HORIZ compartment (non-delayed sweep only). This re- 
sults in two displays that have completely independent ver- 
tical deflection and sweep rate which is equivalent to the 
display obtainable with a dual-beam oscilloscope. See Hori- 
zontal Mode for information on selection of either ALT or 
CHOP horizontal mode. If delayed-sweep operation is used 
under this condition, a different sequence of display occurs. 
First, the LEFT VERT unit is displayed at the sweep rate 
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TABLE 2-2 



Display Combinatiorts' 



VERTICAL 
MODE Switch 
Position 


HORIZONTAL 
MODE Switch 
Position 


Comments 


LEFT 


A 


One trace. Vertical deflection 
from single unit; horizontal 




B 


deflection from single unit. 




ALT 


Two daces. Vertical deflec- 
tion from single unit; hori- 




CHOP 


zontal deflection from both 
units. 


ALT 


A 


Two traces. Vertical deflec- 
tion from both units; hori- 




B 


zontal deflection from single 
unit. 




ALT 


Two daces. Vertical deflec- 
tion from both units; hori- 




CHOP 


zontal deflection from both 
units. Provides sweep-staving 
between the LEFT VERT 
and B HORIZ plug-ins and 
the RIGHT VERT and A 
HORIZ plug-ins. 


ADD 


A 


One dace. Vertical deflection 
is algebraic summation of 




B 


both units; horizontal deflec- 
tion from single unit. 




ALT 


Two daces. Vertical deflec- 
tion is algebraic summation 




CHOP 


of both units; horizontal de- 
flection from both units. 


CHOP 


A 


Two daces. Vertical deflec- 
tion from both units; hori- 




B 


zontal deflection from single 
unit. 




ALT ! 

1 


Four daces. Vertical deflec- 
tion from both units; hori- 




CHOP 


zontal deflection from both 
units. 


RIGHT 


A ! 


One dace. Vertical deflection 
from single unit; horizontal 




8 


deflection from single unit. 




ALT 


Two traces. Vertical deflec- 
tion from single unit; hori- 




CHOP 


zontal deflection from both 
units. 



'Combinationf given for sirrgla-eheniMl vertical and l>oritontai units 
only. 



of the time-base unit in the A HORIZ compartment (delay- 
ing sweep) and then at the sweep rate of the time-base unit 
in the B HORIZ compartment (delayed sweep). The vertical 
display then shifts to the RIGHT VERT unit and it is dis- 
played consecutively at the delaying and delayed sweep 
rate. 

Chopped Mode. The CHOP position of the VERTICAL 
MODE switch produces a display which is electronically 
switched between channels at a one-megahertt rate. In gen- 
eral, the CHOP mode provides the best display at sweep 
rates slower than about 20 milliseconds/division or when- 
ever dual-trace, single-shot phenomena are to be displayed. 
At faster sweep rates the chopped switching becomes ap- 
parent and may interfere with the display . 



Correct internal triggering for the CHOP mode can be 
obtained in any of the three positions of the trigger source 
switches. When the A or B TRIGGER SOURCE switches 
are set to VERT MODE, the internal trigger signals from 
the vertical plug-ins are algebraically added and the time- 
base units ve triggered from the resultant signal. Use of the 
LEFT VERT or RIGHT VERT trigger source positions trig- 
gers the time-base units on the internal trigger signal from 
the selected vertical unit only. This allows two time-related 
signals to be displayed showing true time relationship. How- 
ever. if the signals are not time-related, the display from the 
channel which is not providing the trigger signal will appear 
unstable. The CHOP mode can be used to compare two 
single-shot, transient, or random signals which occur within 
the time interval determined by the time-base unit (ten 
times selected sweep rate). To provide correct triggering, 
the display which provides the trigger signal must precede 
die second display in time. Since the signals show true time 
relationship, time-difference measurements can be made 
from the display. 

Algebraic Addition. The ADD position of the VERTI- 
CAL MODE switch can be used to display die sum or dif- 
ference of two signals, for common-mode rejection to re- 
move an undesired signal, or for DC offset (applying a DC 
voltage to one channel to offset the DC component of a 
signal on the other channel). The common-mode rejection 
ratio between the vertical plug-ins of die 7704 is greater 
than 10:1 at 150 megahertz. The rejection ratio increases to 
100:1 at 20 megahertz. 



The overall deflection on the CRT in the ADD mode is 
the resultant of the algebraic addition of the signals from 
the two vertical plug-in units. It is difficult to determine the 
voltage amplitude of the resultant display unless the ampli- 
tude of the signal applied to one of the plug-ins is known. 
This is particularly true when the vertical units are set to 
different deflection factors, since it is not obvious which 
portion of the display is a result of the signal applied to 
either plug-in unit. Also, the polarity and repetition rate of 
the applied signals enters into die calculation. 
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The following general precautions should be observed to 
provide the best display when using the ADD mode: 



1. Do not exceed the input voltage rating of the plug- 
in units. 



2. Oo not apply large signals to the plug-in inputs. A 
good rule to follow is not to apply a signal which exceeds 
an equivalent of about eight times the vertical deflection 
factors. For example, with a vertical deflection factor of 
0.5 volts/division, the voltage applied to that plug-in should 
not exceed four volts. Larger voltages may result in a dis- 
torted display. 

3. To ensure the greatest dynamic range in the ADD 
mode, set the position controls of the plug-in units to a 
setting which would result in a mid-screen display if viewed 
in the LEFT or RIGHT positions of the VERTICAL MODE 
switch. 



4. For similar response from each channel, set the 
plug-in units for the same input coupling. 

Horizontal Mode 

A and B. When either the A or 8 button of the HORI- 
ZONTAL MODE switch is pressed, the display is presented 
at the sweep rate of only the selected time-base unit. Set 
the applicable intensity control and trigger source switch 
for the desired display. 

Alternate Mode. The ALT position of the HORIZON- 
TAL MODE switch produces a display which alternates be- 
tween time-base units after each sweep on the CRT. 
Although the ALT horizontal mode can be used at all 
sweep rates, the CHOP horizontal mode provides a more 
satisfactory display at sweep rates below about 20 
milliseconds/division. At slower sweep rates, the switching 
between the alternate-mode traces becomes apparent and 
may interfere with correct analysis of the display. 

The A and B INTENSITY controls allow individual ad- 
justment of the traces produced by the time-base units in 
the A HORIZ and 6 HORIZ compartments. Correct trig- 
gering of both time-base units is essential to obtaining the 
correct display in the ALT horizontal mode. If either of the 
time-base units does not receive a correct trigger, and there- 
fore, does not produce a sweep, the other unit cannot pro- 
duce a sweep either. This means that one time-base unit 
cannot begin its sweep until the previous unii has com- 
pleted its entire display. This can be avoided if the time- 
base units are set for auto-mode triggering (sweep free runs 
if not correctly triggered). The A and B TRIGGER 
SOURCE switches allow individual selection of the trigger 



source for the A HORIZ and B HORIZ time-base units. See 
the information on Trigger Source for complete operation 
of the A and B TRIGGER SOURCE switches. Also, see 
Vertical Trace Separation for information on positioning 
the 8 HORIZ display when in the ALT dual-sweep mode. 



Chopped Mode. When the CHOP button of the HORI- 
ZONTAL MODE switch is pressed, the display is electron- 
ically switched between the two time-base units at a 200- 
kilohertz rate. In general, the CHOP horizontal mode pro- 
vides the best display when either of the time-base units is 
set to a sweep rate slower than about 20 milliseconds/ 
division. It also provides the best display when the two 
time-base units are set to widely varying sweep rates. In the 
CHOP horizontal mode, equal time segments are displayed 
from each of the time-base units. This provides a display 
which does not change greatly in intensity as the sweep rate 
of one of the time-base units is reduced (in contrast to ALT 
horizontal mode operation where the slowest trace tends to 
be the brightest). 

The A and 8 INTENSITY controls allow individual ad- 
justment of the intensity of the traces produced by the 
time-base units in the A HORIZ and B HORIZ compart- 
ments. Triggering is not as critical in the CHOP horizontal 
mode as in ALT since only the trace from the un-triggered 
time-base unit is missing from die display if one of the units 
is not triggered properly. The other trace will be presented 
in the normal manner. The A and B TRIGGER SOURCE 
switches allow individual selection of the trigger source for 
the A HORIZ and B HORIZ time-base units. See the infor- 
mation on Trigger Source. Also, see Vertical Trace Separa- 
tion for information on positioning the trace produced by 
the 8 HORIZ unit in relation to the trace from the A 
HORIZ unit. 

Vertical Trace Separation 

The VERT TRACE SEPARATION (B) control allows 
the trace produced by the B HORIZ plug-in to be posi- 
tioned about four divisions above or below the trace pro- 
duced by the plug-in unit in the A HORIZ compartment 
when one of the dual-sweep horizontal modes Is selected. 
This control effectively operates as a vertical position con- 
trol for dual-sweep operation. To use the control, first 
establish the desired position of the trace produced by the 
unit in the A HORIZ compartment. Then adjust the VERT 
TRACE SEPARATION (B) control to move the trace pro- 
duced by the unit in the B HORIZ compartment away from 
the A HORIZ display. If any of the displays are larger than 
four divisions in amplitude, the displays can only be posi- 
tioned so they do not directly overlap since each waveform 
cannot be positioned to a unique area of the CRT. 



Trigger Source 

The A and 8 TRIGGER SOURCE switches allow selec- 
tion of the internal trigger signals for the A HORIZ and B 




Operating Instructions— 7704 



HORIZ time-base units respectively- For most applications, 
these switches can be set to the VERT MODE positions. 
This position is the most convenient sirtce the internal trig- 
ger signal is automatically switched as the VERTICAL 
MODE switch is changed or as the display is electronically 
switched between the LEFT VERT and RIGHT VERT 
plug-ins in the ALT position of the VERTICAL MODE 
switch. It also provides a usable trigger signal in the ADD or 
CHOP positions of the VERTICAL MODE switch, since the 
internal trigger signal in these modes is the algebraic sum of 
the signals applied to the vertical plug-in units. Therefore, 
the VERT MODE positions ensure that the time-base units 
receive a trigger signal regardless of the VERTICAL MODE 
switch setting without the need to change the trigger source 
selection. However, if correct triggering for the desired dis- 
play is not obtained in the VERT MODE position, the trig- 
ger source for either the A HORIZ or B HORIZ time-base 
unit can be changed to obtain the trigger signal from either 
the LEFT VERT or RIGHT VERT plug-in. The internal 
trigger signal is obtained from the selected vertical compart- 
ment whether the plug-in in that compartment is selected 
for display on the CRT or not. If the internal trigger signal 
is obtained from one of the vertical units but the other 
vertical unit is selected for display, the internal trigger sig- 
nal must be time-related to the displayed signal in order to 
obtain a triggered (stable) display. 



X-Y Operation 

In some applications, it is desirable to display one signal 
ver^s anod>er (X-Y) rather than against time (internal 
sweep). The flexibility of the plug-in units available for use 
with the 7704 provides a means for applying an external 
signal to the horizontal deflection system for this type of 
display. Some of the 7B-series time-base units can be opera- 
ted as amplifiers in addition to their normal use as time- 
base generators. This feature allows an external signal to 
provide the horizontal deflection on the CRT. For most of 
the time-base units with the amplifier function, the X (hori- 
zontal) signal can be connected either to an external input 
connector on the time-base unit or it can be routed to the 
time-base unit through the internal triggering system (see 
time-base instruction manual for details). If the latter 
method is used, the A and B TRIGGER SOURCE switches 
must be set so that the X (horizontal) signal is obtained 
from one of the vertical units and the Y (vertical) signal is 
obtained from the other vertical unit. The advantages of 
using the internal trigger system to provide the X signal are 
that the attenuator switch of the amplifier unit providing 
the horizontal signal determines the horizontal deflection 
factor to allow full-range operation and the plug in units do 
not have to he moved between compartments when X-Y 
operation is desired. 



Another method of obtaining an X-Y display is to install 
an amplifier plug-in unit in one of the horizontal plug-in 
compartments (check amplifier unit gain as given in the 
plug-in instruction manual to obtain calibrated horizontal 



deflection factors). This method provides the best X-Y dis- 
play, particularly if two identical amplifier uniu are used, 
since both the X and Y input systems will have the same 
delay time, gain characteristics, input coupling, etc. For 
further information on obtaining X-Y displays see the plug- 
in unit manuals. Also, the reference books listed under 
Applications provide information on X-Y measurements 
arrd interpreting the resultant lissajous displays. 

An optional X-Y delay compensation network is avail- 
able for use with the 7704. This network provides close 
delay matching between the vertical and horizontal deflec- 
tion systems up to two megahertz for use in X-Y applica- 
tions which require precise phase measurement. The net- 
work can be added to the 7704 at any time. Order 
Tektronix Part No. 040-0529-(X) from your local Tektronix 
Field Office or representative for a complete X-Y delay 
compensation network; installation instructions are inclu- 
ded. 



While the X-Y delay compensation network provides 
minimum phase shift between the X and Y portions of an 
X-Y display. It adds negative preshoot distortion and some 
corner rounding to fast step functions. An internal Delay 
Disable switch (see Fig. 2-8) is provided for both the A and 
B delay compensation networks to allow selection of either 
minimum phase-shift characteristics or optimum step re- 
sponse. When the Delay Disable switch is set to In (up), 
minimum phase-shift operation is provided as controlled by 
the plug-in units in the associated horizontal compartment. 
When set to the Out (down) position, the X-Y delay com- 
pensation network for the applicable horizontal compart 
ment is disabled; the horizontal signal is connected to the 
horizontal deflection system with minimum distortion. 




Fig- 2-8. Location of A and B Oalay Diiabla twitehat (behind right 
tide panel). 
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Intensity Modulation 

Intensity (Z-axis) modulation can be used to relate a 
third item of electrical phenomena to the vertical (Y-axis) 
and the horizontal (X-axis) coordinates without affecting 
the waveshape of the displayed signal. The Z-axis modu- 
lating signal applied to the CRT circuit changes the inten- 
sity of the displayed waveform to provide this type of dis- 
play. "Gray scale" intensity modulation can be obtained by 
applying signals which do not completely blank the display. 
Large amplitude signals of the correct polarity will com- 
pletely blank the display; the sharpest display is provided 
by signals with a fast rise and fall. The voltage amplitude 
required for visible trace modulation depends on the setting 
of the intensity controls. 

Time markers applied to the Z-AXIS INPUTS provide a 
direct time reference on the display. With uncalibrated hori- 
zontal sweep or X-Y mode operation, the time markers 
provide a means of reading time directly from the display. 
However, if the markers are not time-related to the dis- 
played waveform, a single-sweep display should be used (for 
internal sweep only) to provide a stable display. 

Two modes of intensity modulation are provided in the 
7704. The following discussions list theusearxJ limitations 
of each mode. 

High Sensitivity Input. The HIGH SENSITIVITY input 
(on rear panel) permits intensity modulation of the CRT 
display through the Z-Axis Amplifier circuit. A two-volt 
peak-to-peak signal will completely blank the display even 
at maximum intensity levels. Lower amplitude signals can 
be used to only change the trace brightness rather than 
completely blank the display. Negative-going modulating 
signals increase the display intensity and positive-going 
modulating signals decrease the display intensity. Band- 
width for ^is mode of intensity modulation is DC to 10 
megahertz (input voltage derating necessary above two 
megahertz). The maximum input voltage in this mode 
should be limited to 15 volts (DC plus peak AC). Sirwe this 
input is the most sensitive, it can be used for all aplications 
requiring bandwidth of 10 megahertz or less. When the 
HIGH SENSITIVITY input is not in use, replace the BNC 
cap. 

High Speed Input. Intensity modulation signals con- 
nected to the HIGH SPEED connector (on rear panel) are 
connected primarily to the cathode circuit of the CRT. A 
60-volt peak-to-peak signal will provide complete blanking 
of the display even at maximum intensity settings. 
Negative-going modulating signals increase the display in- 
tensity and positive-going modulating signals decrease the 
display intensity. Bandwidth for this mode is DC to 100 
megahertz. Maximum input voltage for signals connected to 
the HIGH SPEED input is 60 volts (DC plus peak AC). 
Replace the BNC cap when the HIGH SPEED input is not 
in use. 



Raster Display 

A raster-type display can be used to effectively increase 
the apparent sweep length. For this type of display, the 
trace is deflected both vertically and horizontally by saw- 
tooth signals. This is accomplished in the 7704 by installing 
a 76-series time-base unit in one of the vertical plug-in com- 
partments. Normally, the time-base unit in the vertical com- 
partment should be set to a slower sweep rate than the 
time-base unit in the horizontal compartment; the number 
of horizontal traces in the raster depends upon the ratio 
between the two sweep rates. Information can be displayed 
on the raster using several different methods. In the ADD 
position of the VERTICAL MODE switch, the signal from 
an amplifier unit can be algebraically added to the vertical 
deflection. With this method, the vertical signal amplitude 
on the CRT should not exceed the distance between the 
horizontal lines of the raster. Another method of displaying 
information on the raster is to use the Z-AXIS INPUTS to 
provide intensity modulation for the display. This type of 
raster display could be used to provide a television-type 
display. Complete information on operation using the Z- 
axis feature is given under Intensity Modulation. 

To provide a stable raster display, both time-base units 
must be correctly triggered. Internal triggering is not pro- 
vided for the time-base units when they are in the vertical 
compartments; external triggering must be used. Also, 
blanking is not provided from the time-base units when 
they are installed in a vertical compartment. To blank out 
the retrace portion from the time-base unit in the vertical 
compartment, special connections must be made from this 
time-base unit to the blanking network of the 7704. 

Calibrator 

General. The internal calibrator of the 7704 provides a 
convenient signal source for checking basic vertical gain and 
sweep timing. The calibrator output signal is also very use- 
ful for adjusting probe compensation as described in the 
probe instruction manual. In addition, the calibrator can be 
used as a convenient signal source for application to exter- 
nal equipment. 

Voltage. The calibrator provides accurate output volt- 
ages at die CAL connector from four millivolts to 40 volts 
in decade steps into high impedance loads. In addition, the 
positions from 4 mV to 4 V provide an output of two 
millivolts to 0.4 volts into 50 ohms (shown on front panel 
in brackets). The amplitude of the output voltage is selec- 
ted by the CALIBRATOR switch. The output voltage is 
available at the front-panel CAL connector (note line con- 
necting CALIBRATOR switch to output connector). 

Current. The current loop provides a 40-milliampere 
output current which can be used to check and calibrate 
current-measuring probe systems. The current signal is ob- 
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tained by clipping the probe around the current loop. The 
arrow above the current loop irtdicates conventional current 
flow; i.e., from plus to minus. 



Repetition Rate. The calibrator circuit uses frequency- 
stable components to maintain accurate frequency arid con- 
stant duty cycle. Thus the calibrator can be used for 
checking the basic sweep timing of time-base units (one- 
kiloheru rate only). The RATE switch selects the repeti- 
tion rate of the calibrator. Two positions of the RATE 
switch provide 8 square wave output signal both at the CAL 
connector and through the current loop. In the 1 kHz posi- 
tion. the repetition rate of the calibrator is orte kilohertz; 
the voltage at the CAL connector is maximum when the 
current through the current loop is minimum, artd vice 
versa. The B GATE -5-2 position of the RATE switch pro- 
vides a variable calibrator repetition rate. In this position, 
the repetition rate of the calibrator output sigrtal is one-half 
the repetition rate of the gate signal produced by the time- 
base unit in the B HORIZ compartment (length of 6 gate is 
about ten times the setting of the B sweep rate switch). 
This position of the RATE switch allows selection of the 
repetition rate of the calibrator output signal by chartging 
the sweep rate of the time-base unit in the B HORIZ com- 
partment. The calibrator circuit maintains a constant 50% 
duty cycle on the output waveform regardless of the repeti- 
tion rate (B time base free runnir>g). Like the 1 kHz posi- 
tion, the output voltage at the CAL connector is maximum 
when the current through the current loop is minimum, and 
vice versa.. 



Two positions of the RATE switch select DC operation. 
In the DC (current only) position, a constant 40 milli- 
ampere DC current is available through the current loop. 
There is no voltage output available at the CAL connector 
in this position. In the DC (volts only) position, positive DC 
voltage levels are available at the CAL connector; the ampli- 
tude of this DC voltage is determined by the setting of the 
CALIBRATOR switch. No current output is provided 
through the current loop under this cor>dition. 



Wave Shape. The square-wave output signal of the cali- 
brator can be used as a reference wave shape when checking 
or adjusting the compensation of passive, high-resistance 
probes. Since the square-wave output from the calibrator 
has a flat top. any distortion in the displayed waveform is 
due to the probe compensation. 



Signal Outputs 

+ Sawtooth. The SAWTOOTH connector provides a 
positive-going sample of the sawtooth signal from the time- 
base units in the horizontal plug-in compartments. The in- 
ternal Sweep switch (located behind right side panel, see 
Figure 2-9) allows the output sawtooth to be selected from 
the time-base unit in eidier the A HORIZ or B HORIZ 
compartments. Rate of rise of the sawtooth output signal is 



about 50 millivolts/unit of time into a 50-ohm load or 
about one volt/unit of time into a one-megohm load. Unit 
of time is determined by the time-base time/division switch 
(e.g., if time/division switch is set to one millisecond/ 
division, a unit of time is one millisecortd; at five milli- 
seconds/division, a unit of time is five milliseconds). The 
peak output voltage is greater than 500 millivolu into a 
50-ohm load or greater than 10 volts into a one-megohm 
load. 



* Gate. The * GATE output connector provides a 
positive-going rectangular output pulse from the time-base 
units in the horizontal plug-in compartments. The Gate 
switch (located behind the right side panel; see Fig. 2-9) 
allows the output signal to be selected from the time-base 
unit in the A HORIZ compartment. B HORIZ compart- 
ment. or the delayed gate from a delaying time-base unit in 
the A HORIZ compartment. Duration of the gate output 
signal is the same as the duration of the respective sweep or, 
in the case of the delayed gate, it starts at the end of the 
delay period and lasts until the end of the sweep from the 
delaying time-base unit. Amplitude of the output signal at 
the GATE connector is about 0.5 volts into 50 ohms or 
about 1 0 volts into one megohm. 



Vertical Signal. The SIG OUT connector provides a 
sample of the vertical deflection signal. The source of the 
output signal at this connector is determined by the 6 
TRIGGER SOURCE switch (notice line connecting SIG 
OUT connector to B TRIGGER SOURCE switch). In the 
VERT MODE position of the 6 TRIGGER SOURCE 
switdt, the output signal is determined by the setting of the 
VERTICAL MODE switch. The output signal in the LEFT 
and RIGHT positions of the VERTICAL MODE switch is 
obtained only from the selected vertical unit. In the ALT 
position of the VERTICAL MODE switch, the output sig- 




Fie. 3-9. Location of Sweep and Gate ewiiehae (bohirtd right tide 
portol}. 
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nal at the SIG OUT connector switches between vertical 
units along with the CRT display. However, the vertical 
output signal in the CHOP position is a composite signal 
and is the same as obtained in the AOD position due to the 
requirements of the triggering system. The LEFT VERT 
and RIGHT VERT positions of the B TRIGGER SOURCE 
switch provide the vertical output signal only from the 
selected vertical unit even when it is not selected for dis- 
play. The output voltage into a 50 ohm load is about 25 
millivolts/division of CRT display and about 0.5 volts/ 
division of display into a one-megohm load. The bandwidth 
of the output signal is determined by the vertical plug in 
unit which is used (see Systems Specification given in Sec- 
tion 1). 



Probe Power Connectors 

The two PROBE POWER connectors on the rear panel 
of this instrument provide operating power for active probe 
systems. It is not recommended dtat these connectors be 
used as a power source for applications other than the com- 
patible probes or other accessories which are specifically 
designed for use with this system. 



Remote Connector 

The nine-terminal connector J1075 on die rear panel of 
the 7704 provides input for remote operation of the instru- 
ment and die associated plug-in units. Table 2-3 lists the 
function of each terminal of J1075. The mating connector 
for J1075 is Tektronix Part No. 134-0049-00 (one mating 
connector supplied as standard accessory). The methods of 
obtaining remote single-sweep reset and ready indication 
are given under Remote Single-Sweep Reset. Notice diet 
there are several blank terminals on J 1075. These terminals 
can be used for special remote applications. 



Remote Single-Sweep Reset 

Remote single-sweep reset operation can be provided to 
7B-series time-base units with compatible features through 
rear-panel connector J107S. The remote single-sweep reset 
actuation can be obtained from either an active system 
(pulse generator, logic circuit, etc.) or a passive system 
(switch or relay). Input requirements for remote single- 
sweep reset operation are: Closure to ground (—5 volts to 
—0.5 volts provides actuation) at 10 milliamperes maximum 
current; minimum pulse width of 10 microseconds at 50% 
amplitude points: 15 volts maximum input voltage. 



Fig. 2-10 shows a typical passive system to provide re- 
mote single-sweep reset operation. The remote ready lights 
are optional and can be used with an active or passive sys- 
tem whenever it is necessary to provide an indication at the 
remote location that reset has occurred. 



Applications 

The 7704 Oscilloscope and its associated plug-in units 
provide a very flexible measurement system. The capabili- 
ties of the overall system depend mainly upon the plug-ins 
that are chosen for use with this instrument. Specific appli- 
cations for the individual plug-in units are described in the 
plug-in unit manuals. The overall system can also be used 
for many applications which are not described in detail 
either in this manual or in the manuals for the individual 
plug-in units. Contact your local Tektronix Field Office or 
representative for assistance in making specific measure- 
ments with this instrument. 



TABLE 2-3 
Remote Connections 



J1075 Terminal 


Function 


A 


Remote single-sweep reset 
(A and B HORIZ) 


B 


Chassis ground 


C 


Remote ready indicator 
(A HORIZ) 


D 


Remote ready indicator 
(B HORIZ) 


E 


No connection 


F 


No connection 


H 1 


No connection 


j ! 


No connection 


K : 


No connection 




Fig. 2-10. Typical cireuil for ramoia single.fwaap rasat oparalion. 
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The following books describe oscilloscope measurement 
techniques which can be adapted for use with this instru- 
ment. 

Harley Carter. "An Introduction to the Cathode Ray 
Oscilloscope", Phillips Technical Library, Cleaver-Hume 
Press Ltd., London, I960. 



J. Czech, "Oscilloscope Measuring Techniques", Phillips 
Technical Library, Springer-Verlag, New York. 1965. 



Robert G. Middleton, "Scope Waveform Analysis", 
Howard W. Sams & Co. Inc., The Bobbs-Merrill Company 
Inc.. Indianapolis, 1963. 



Robert G. Middleton and L. Donald Payne, "Using the 
Oscilloscope in Industrial Electronics", Howard W. Sams & 
Co. Inc., The Bobbs-Merrill Company Inc., Indianapolis, 
1961. 



John F. Rider artd Seymour 0. Uslan, "Encyclopedia of 
Cathode-Ray Oscilloscopes and Their Uses". John F. Rider 
Publisher Irtc., New York, 1959. 



John F. Rider, "Obtaining and Interpreting Test Scope 
Traces". John F. Rider Publisher Inc.. New York, 1959. 

Rufus P. Turner. "Practical Oscilloscope Handbook", 
Volumes 1 and 2. John F. Rider Publisher Inc.. New York. 
1964. 
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SECTION 3 

CIRCUIT DESCRIPTION 



7704 



Change information, if any, affecting this section will be found at the rear of the manual. 



Introduction 

This section of the manual contains a description of the 
circuitry used in the 7704 Oscilloscope. The description 
begins with a discussion of the instrument using the basic 
block diagram shown in Fig. 3-1. Then, each circuit is 
described in detail using detailed block diagrams to show 
the interconnections between the stages in each major cir- 
cuit and the relationship of the front-panel controls to ^e 
individual stages. 

A complete block diagram is located in the Diagrams 
section at the back of this manual. This block diagram 
shows the overall relationship between all of the circuits. 
Complete schematics of each circuit are also given in the 
Diagrams section. Refer to diese diagrams throughout the 
following circuit description for electrical values and 
relationship. 

BLOCK DIAGRAM 

General 

The following discussion is provided to aid in under- 
standing the overall concept of the 7704 before the individ- 
ual circuits are discussed in detail. A basic block diagram of 
the 7704 is shown in Fig. 3-1. Only the basic interconnec- 
tions between the individual blocks are shown on this 
diagram. Each block represents a major circuit within the 
instrument. The number on each block refers to the com- 
plete circuit diagram which is located at the rear of this 
manual. 



Vertical signals to be displayed on the CRT are applied 
to die Vertical Interface circuit from both vertical plug-in 
compartments. The Vertical Interface circuit determines 
whether the signal from die left and/or right vertical unit is 
displayed. The selected vertical signal is then amplified by 
the Vertical Amplifier circuit to bring it to the level neces- 
sary to drive the vertical deflection plates of the CRT. This 
circuit also includes an input to produce the vertical por- 
tion of an alpha-numeric readout display. 



Horizontal signals for display on the CRT are connected 
to die Horizontal Interface circuit from both horizontal 
plug-in compartments. The X-Y Delay Compensation net- 



work (optional feature) provides a delay for the horizontal 
(X) portion of an X-Y display to match the delay of the 
vertical (Y) signal due to the delay line. The Horizontal 
Channel Switch determines whether the signal from the A 
and/or B horizontal unit is displayed. The horizontal signal 
selected by the Horizontal Channel Switch is connected to 
the Horizontal Amplifier circuit which amplifies it to pro- 
vide the horizontal deflection for the CRT. This circuit also 
accepts the X-signal from the Readout System to produce 
the horizontal portion of the readout display. The Readout 
System provides alpha-numeric display of information 
encoded by the plug-in units. This display is presented on 
the CRT and is written by the CRT beam on a time-shared 
basis with the analog waveform display. 

The internal trigger signals from die vertical plug-in units 
are connected to the Trigger Selector circuit. This circuit 
selects the trigger signal which is connected to the horizon- 
tal plug-in units. It also provides the drive signal for the 
Output Signals circuit to provide an output which is a 
sample of the vertical signal. The Output Signals circuit also 
provides a sawtooth output signal and a gate output signal. 
The Calibrator circuit produces a square-wave output with 
accurate amplitude which can be used to check the calibra- 
tion of this instrument and the compensation of probes. 
The repetition rate of the output signal is selectable; either 
DC, one kilohertz, or one-half the B gate. This signal is 
available as a voltage at the CAL connector and as a current 
through the 40 mA current loop. 

The Logic Circuit develops control signals for use in 
other circuits within this instrument and the plug-in units. 
These output signals automatically determine the correct 
instrument operation in relation to the plug-ins installed 
and/or selected, plug-in control settings, and 7704 control 
settings. The Z-Axis Amplifier circuit provides the drive 
signal to control the CRT intensity level through the CRT 
Circuit. The CRT Circuit produces the voltages and con- 
tains the controls necessary for operation of the cathode- 
ray tube. 

The Low-Voltage Power Supply circuit provides the 
power necessary for operation of this instrument. This volt- 
age is connected to all circuits within die instrument. The 
Controls and Cabling circuit shows the switching logic of 
the front-panel controls. It also includes the rear-panel 
Remote connector and the output connectors to supply 
power to active probe systems. 
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Pig. 3-1 . Basic block diagram at tha 7704 Oscllloscopa. 
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CIRCUIT OPERATION 

General 

This section provides a detailed description of die elec- 
trical operation and relationship of the circuits in the 7704. 
The theory of operation for circuits unique to this instru- 
ment is described in detail in this discussion. Circuits which 
are commonly used in the electronics industry are not 
described in detail. If more information is desired on these 
commonly used circuits, refer to the following textbooks: 

Tektronix Circuit Concepts Books (order from your 
local Tektronix Field Office or representative). 

Cathode-Ray Tubes, Tektronix Part No. 

062-0852-01. 

Oscilloscope Trigger Circuits, Tektronix Part No. 062- 

1056-00. 

Power Supply Circuits, Tektronix Part No. 

062-0888-01. 

Sweep Generator Circuits, Tektronix Part No. 

062-1098-00. 

Phillip Cutler, "Semiconductor Circuit Analysis", 
McGraw-Hill, New York. 1964. 

Lloyd P. Hunter (Ed.), "Handbook of Semiconductor 
Electronics", second edition, McGraw-Hill, New York, 
1962. 

Jacob Millman and Herbert Taub, "Pulse, Digital, and 
Switching Waveforms". McGraw-Hill, New York, 1965. 

The following circuit analysis is written around the 
detailed block diagrams which are given for each major cir- 
cuit. These detailed block diagrams give the names of the 
individual stages within the major circuits and show how 
they are connected together to form die major circuit. The 
block diagrams also show the inputs and outputs for each 
circuit and the relationship of the front-panel controls to 
the individual stages. The circuit diagrams from which the 
detailed block diagrams are derived are shown in the Dia- 
grams section. 

NOTE 

AH references to direction of current in this manual 
are in terms of conventiorwl current; i.e.. from plus to 
minus. 

LOGIC FUNDAMENTALS 

General 

Digital logic techniques are used to perform many func- 
tions within this instrument. The function and operation of 



the logic circuits are described using logic symbology and 
terminology. This portion of the manual is provided to aid 
in the understanding of these symbols and terms. The fol- 
lowing information is a basic introduction to logic 
concepts, not a comprehensive discussion of the subject. 
For further information on binary number systems and the 
associated Boolean Algebra concepts, the derivation of logic 
functions, a more detailed analysis of digital logic, etc., 
refer to the following textbooks: 

Tektronix Circuit Concepts booklet, "Digital Concepts", 
Tektronix Part No. 062-1030-00. 

Robert C. Baron and Albert T. Piccirilli, "Digital Logic 
and Computer Operations", McGraw-Hill, New York, 
1967. 

Thomas C. Bartee, "Digital Computer Fundamentals", 
McGraw-Hill, New York, 1966. 

Yaohan Chu, "Digital Computer Design Fundamentals", 
McGraw-Hill, New York, 1962. 

Joseph Millman and Herbert Taub, "Pulse, Digital, and 
Switching Waveforms", McGraw-Hill, New York. 
Chapters 9-1 1 , 1965. 

Symbols 

The operation of circuits within the 7704 which use 
digital tediniques is described using the graphic symbols set 
forth in military standard MIL-STD-806B. Table 3-1 pro- 
vides a basic logic reference for the logic devices used with- 
in this instrument. Any deviations from the standard 
symbology, or devices not defined by the standard will be 
described in the circuit description for the applicable 
device. 

Logic Polarity 

All logic functions are described using the positive logic 
convention. Positive logic is a system of notation where the 
more positive of two levels (HI) is called the true or 1-state; 
the more negative level (LO) is called the false or 0-state. 
The HI-LO method of notation is used in this logic descrip- 
tion. The specific voltages which constitute a HI or LO 
state vary between individual devices. 

NOTE 

The HI-LO logic notation can be conveniently con- 
verted to 1-0 notation by disregarding the first letter 
of each state. Thus: 

Hl~ 1 
L0‘0 

Wherever possible, the input and output lines are named 
to indicate the function that they perform when at the HI 
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(true) state. For example, the line labeled. "Display B 
Command" means that the B Time-Base unit will be dis- 
played when this line is HI or true. Likewise, the line 
labeled "X-Compensation Inhibit" means that the X- 
Compensation function is inhibited or disabled when this 
line is HI. 

Input/Output Tables 

Input/output (truth) tables are used in conjunction with 
the logic diagrams to show the input combinations which 
are of importance to a particular function, along with the 
resultant output conditions. This table may be given either 
for an individual device or for a complete logic stage. For 
examples of input/output tables for individual devices, see 
Table 3-1. 

Non-Digital Devices 

It should be noted that not all of the integrated circuit 
devices in this instrument are digital logic devices. The func- 
tion of non-digital devices will be described individually 
using operating waveforms or other techniques to illustrate 
their function. 



MAIN INTERFACE 

General 

Diagram 1 shows the plug-in interface and the intercon- 
nections between the plug-in compartments, circuit boards, 
etc. of this instrument. The circuitry diown on this diagram 
associated with Q24 and Q28 is described in connection 
with the Trigger Selector circuit. 



LOGIC CIRCUIT 

General 

The Logic Circuit develops control signals for use in 
other circuits within this instrument. These output signals 
automatically determine the correct instrument operation 
in relation to the plug-ins installed and/or selected, plug-in 
control settings, and 7704 control settings. A block diagram 
of the Logic Circuit is diown in Fig. 3-2. This diagram 
shows the source of the input control signals, the output 
signals produced by this stage, and the basic interconnec- 
tions between blocks. The interconnections shown are 
intended only to indicate inter-relation between blocks and 



TABLE 3-1 
Basic Logic Reference 



Device 



Symbol 



Description 



Input/Output Table 



AND gate 



A 

B 




A device with two or more inputs 
and one output. The output of the 
AND gate is HI if and only if all of 
the inputs are at the HI state. 



Input 



/. 



Output 



A 


CD 


X 


LO 


LO 


LO 


LO 


HI 


LO 


HI 


LO 


LO 


HI 


HI 


msm 




Input 


Output 


A 


B 


X 


LO 


LO 


HI 


LO 


HI 


HI 


HI 


LO 


HI 


HI 


HI 


LO 



NAND gate 



A 
B ' 




A device with two or more inputs 
and one output. The output of the 
NANO gate is LO if and only if all 
of the inputs are at the HI state. 



OR gate 




A device with two or more inputs 
and one output. The output of the 
OR gate is HI if one or more of the 
inputs are at the HI state. 



Input /output 



A 


B 


X 


LO 


LO 


LO 


LO 


HI 


HI 


HI 


LO 


HI 


HI 


HI 


HI 
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Device 



Symbol 



TABLE 3-1 tconl.) 
Basic Logic Reference 



Description 



Input/Output Table 




A device with two or more inputs 
and one output The output of the 
NOR gate is LO if one or more of 
the inputs are at the HI state 



A device with one input and one 
output. The Output state is always 
opposite to the input state. 



A small circle at the input or output 
of a symbol indicates that the LO 
state is the significant state Absence 
of the circle indicates that the HI 
state is the significant state. Two 
examples follow: 

AND gate with LO-state indicator 
at the A input. 

The output of this gate is HI If and 
only if the A input is LO and the B 
input is HI. 



OR gate with LO-state irtdicator at 
the A input: 

The output of this gate is HI if 
either the A input is LO or the B 
Input is HI. 



Normally superimposed on an input 
line to a logic symbol. Indicates that 
this input (usually the trigger input 
of a flip-flop) responds to the indi- 
cated transition of the applied sig- 
nal. 







Output 
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Device 



Symbol 



TABLE 3-1 (cont.l 
Basic Loflic Reference 



Description 



Input/Output Table 




A bistable device with one input and 
two outputs which changes output 
states from one stable state to the 
other stable state with each trigger 
(either or both outputs may be 
used). The outputs are complemen- 
tary ji.e., when one output is HI the 
other is LO). The edge symbol on 
the trigger (T) input may be of 
either polarity depending on the de- 



A bistable device with two inputs 
and two outputs which changes out- 
put states in response to the states 
at the inputs (either or both out- 
puts may be used). The outputs are 
complementary (i.e., when one out- 
put is HI the other is LO). 



Output 



Condition 
before trigger 


Con 

after 


pulse 


pul 


B 


X 


■ 


LO 


HI 


m 


HI 


LO 


IE|i 




Without direct inputs 



B 0 X 



With direct inputs 



j 


Sp 1 




FF 


T 




K 


0 




Co 



A bistable device with three or more 
inputs and two outputs (either or 
both inputs may be used). When 
triggered, the output changes states 
in response to the states at the in- 
puts prior to the trigger. The out- 
puts are complementary (i.e., when 
one output is HI the other is LO). 
The edge symbol on the trigger (T) 
input may be of either polarity de- 
pending on the device. 

For devices with direct-set (Sq) or 
direct-clear ICq) inputs, the ir>di- 
cated state at either of these inputs 
over-rides all other inputs (including 
trigger) to set the outputs to the 
states shown in the input/output 
table. 



A I b| C'j d1 X I X 

Conditions for triggered 
operation (output condi- 
tion after trigger pulse) 



LO 


LO 


LO 


LO 


No 










chance 


LO 


HI 


LO 


LO 


LO HI 


HI 


LO 


LO 


LO 


HI LO 


HI 


HI 


LO 


LO 


Changes 



Conditions for direct-set. 
direct<lear operation 

<t> 4> LO LO No 
change 

211 lo i hi 

♦ ♦ HI ^ HI jLO 
"5" ■Rt HI Unde- 
fined^ 

4> ° Has no effect in this 
case 

'Applies only with direct 
inputs. 
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InOieatM circuits 
not on Logic Circuit 
diagram 
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do not indicate a direct connection or that only a single 
connection is made between the given blocks. Details of the 
inter-relation between stages in this circuit are given in the 
circuit description which follows. A schematic of this cir- 
cuit is shown on diagram 2 at the rear of this manual. 

This circuit description for the Logic Circuit is written 
with the approach that each of the integrated circuits and 
its associated discrete components comprises an individual 
stage as shown by the block diagram (Fig. 3-2). The opera- 
tion of each of these stages is discussed relating the input 
signals and/or levels to the output, with consideration given 
to the various modes of operation that may affect the stage. 
A logic diagram is also provided for each stage. These dia- 
grams are not discussed in detail but are provided to aid in 
relating the function performed by a given stage to standard 
logic techniques. It should be noted that these logic dia- 
grams are not an exact representation of the internal struc- 
ture of the integrated circuit but are only a logic diagram of 
the function performed by the stage. An input/output table 
is given, where applicable, for use along with the circuit 
description and logic diagram. These input/output tables 
document the combination of input conditions which are 
of importance to perform the prescribed furtction of an 
individual stage. 



Horizontal Logic 

General. The Horizontal Logic stage performs three 
separate logic functions. These functions are; A Sweep 
Inhibit. 6 Sweep Inhibit and Alternate Pulse Generator. 
Fig. 3-3 identifies the three individual stages and the input 
and output terminals associated with eac^. Notice that 
some of the input levels are used in several or all of the 
individual stages. 



A Sweep Inhibit. The A Sweep Inhibit stage produces an 
output level at pin 14 which determines if the A Time-Base 
unit can produce a sweep. If this level is HI, the A Time- 
Base unit is locked out (disabled) so it cannot produce a 
sweep. If the level is LO, the A Time-Base unit is enabled 
and can produce a sweep when triggered. 



Only two combinations of input conditions produce an 
A Sweep Inhibit level (HI); if any one of the prescribed 
conditions is not met, the A Sweep Inhibit level is LO to 
enable die A Time-Base unit. These conditions are: 

1. Pin 1 HI-HORlZONTAL MODE switch set to ALT. 



ALT Mode (horizi 
A Gate 

X-Compcn«atiofl Inhibit lAHorizonull 
X-Compenation Inhibit (B Horizontal) 
Delaved Mode Control Out 
B Holdoff 
Oi^lay B Command 



ALT Moda Ihoriz) 
X-Comperuation Inhibit (A Horizontal) 
X-ComtMnution Inhibit (B Horizontal) 
Delavad Moda Control Out 
DiaMav B Command 



X-Compenulion Inhibit (A Horizontal) 
X-Cotnpenaalion Inhibit (B Horizontal) 
AHoWoH 
B Mode 

B HoMoH 
AModa 

Oelayad Moda Control Out 



1 

2 

4 

5 
12 
13 
16 



A Swoap Inhibit 
staga 

U160A 



14 





A Swroap Inhibit 



8 Swoop Inhibit 



Altarnate Pulw 



Fig. 3-3. Breakdown of leperata ttagtt within Horizontal Logie IU160) showing inputs and outputs for each stage. 
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Pin 4 HI— A Horizontal unit operated in time-base 
mode. 

Pin 5 Hl-B Horizontal unit operated in time-base 
mode. 

Pin 12 LO— A Time-Base unit in indepertdent (non- 
delayed) mode. 

Pin 16 HI— B Sweep unit Is being displayed in the 
horizontal-alternate mode. 

2. Pin 2 LO-A Time-Base unit is not already producing 
a sweep. 

Pin 12 HI— A Time-Base unit in delayed mode. 

Pin 13 HI— B Time-Base unit has just completed a 
sweep and is in holdoH condition. 

The first combination disables the A Sweep while the B 
Sweep is being displayed in the horizontal ALT mode (both 
units must be in time-base mode) if non-delayed operation 
is being used. The second combination disables the A 
Sweep during delayed-sweep operation so the B Sweep can 
complete its holdoff before dte next A Sweep begins. 



A logic diagram for the A Sweep Inhibit stage is shown 
in Fig. 3-4A. A table of input/output combinations for this 
stage is shown in Fig. 3-4B. This table shows the level at 
each input for the two combinations that produce a HI 
output level. 



B Sweep Inhibit. The B Sweep Inhibit stage produces an 
output level at pin 15 of U160B which determines if the B 
Time-Base unit can produce a sweep. A HI level at this pin 
disables the B Sweep and a LO level provides an enabling 
level to the B Time-Base unit. The output at pin 15 is HI 
only under one set of input conditions. These conditions 
are; 



Pin 1 HI-HORIZONTAL MODE switch set to ALT. 

Pin 4 Hl-A Horizontal unit operated in time-base mode. 

Pin 5 Hi— 6 Horizontal unit operated in time-base mode. 

Pin 12 LO-A Time-Base unit in independent (non- 
delayed) mode. 

Pin 16 LO-A Sweep is being displayed in the horizontal- 
alternate mode. 




Fif. 3-4. (A) Logic dlogram for A Sweep Inhibit ftege. IB) Table of input/output combinations for A Sweep Inhibit stage. 
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These conditions disable the B Sweep while the A Sweep 
is being displayed in the horizontal ALT mode (both units 
must be in time-base mode) if non-delayed sweep is used. 
For any other combination of input conditions, the B 
Sweep Inhibit level at pin 15 is LO, However, the inhibit 
level to the B Time-Base unit is determined by both the 
Delay Gate from the A Time-Base unit and the B Sweep 
Inhibit level produced by this stage. The 6 Sweep is enabled 
only when both of these levels are LO. 

Fig. 3-5A shows the logic diagram of the B Sweep 
Inhibit stage. The gate connected to the output of this stage 
is a phantom-OR gate located on the Main Interface dia- 
gram (a phantom-OR gate performs the OR-logic function 
merely by interconnection of the two signals). An input/ 
output table for the B Sweep Inhibit stage is shown in Fig. 
3-56. 



Alternate Pulse Generator. The third function performed 
by U160 is to produce alternate pulses for use by the hori- 
zontal and vertical alternate systems. The conditions that 
exist at the inputs to the Alternate Pulse Generator stage 
determine which time base provides die Alternate Pulse. 
The Alternate Pulse is a positive-going pulse (failing edge 
only used by following-stages) which is coincident with the 



leading edge of the holdoff gate from the time-base units. 
The holdoff gate is produced at the end of the sweep by the 
respective time-base unit, and differentiated by either C165 
or C166 to provide a positive-going pulse to pins 6 or 9. 
The Alternate Pulse is produced at the end of either the A 
Sweep or the B Sweep, or both, depending upon the oper- 
ating conditions. The following discussions describe the 
operation of the Alternate Pulse Generator stage in relation 
to various combinations of input conditions that can occur. 

1. A (ONLY) MODE 

The Alternate Pulse is produced only at the end of the A 
Sweep when the HORIZONTAL MODE switch is set to the 
A position. The input conditions are: 

Pin 4 HI— A Horizontal unit operated in time-base mode. 

Pin 6 Hl-Holdoff pulse produced at end of A Sweep. 

Pin 7 LO— HORIZONTAL MODE switch set to any posi- 
tion except B. 

Pin 10 HI-HORIZONTAL MODE switch set to A. 



□•lay Gate from 
A Time-Base unit 



ALT Mode Ihoriil 

X-Compenutlon Inhibit 
(A Horizontal) 

X-Compeniation Inhibit 
IB Horizontal) 

Delayed Mode 
Control Out 
Diiplay B 
Command 

(A) U160B 



IB) 




Pig. 3 . 5 . (A) Logic diagram for 8 Sweep inhibit ttege. 181 Tabie of input/eutput combinations for B Sweep Inhibit stega. 
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2. B (ONLY) MOOE-NON-OELAYED 

In the B position of the HORIZONTAL MODE switch, 
tfie Alternate Pulse is produced only at the end of the 6 
Sweep (A Time-Base must be in independent mode). The 
input conditions are: 

Pin 5 Hl-B Horizontal unit operated in time-base mode. 

Pin 7 HI-HORIZONTAL MODE switch set to B. 

Pin 9 Hl-Holdoff pulse produced at end of 6 Sweep. 

Pin 10 LO-HORIZONTAL MODE switch set to any 
position except A. 

Pin 12 LO— A Time-Base unit in irtdependent (non- 
delayed) mode. 



3. ALTERNATE OR CHOPPED OPERATION- 
NON-DELAYED 

When the HORIZONTAL MODE switch is set to ALT or 
CHOP |A Time-Base unit must be in independent model, an 
Alternate Pulse is produced at the end of each sweep. For 
example, an Alternate Pulse is produced first at the end of 
the A Sweep, then at the ertd of the B Sweep, again at the 
end of the A Sweep, etc. Although Alternate Pulses are 
produced in the CHOP horizontal mode, they are not used 
in this instrument. The input conditions for this mode of 
operation are: 

Pin 4 HI— A Horizontal unit operated in time-base mode. 

Pin 5 Hl-B Horizontal unit operated in time-base mode. 

Pin 6 HI— Holdoff pulse produced at end of A Sweep' 

Pin 7 LO— HORIZONTAL MODE switch set to any posi- 
tion except B. 

Pin 9 Hl-Holdoff pulse produced at end of B Sweep'. 

Pin 10 LO-HORIZONTAL MODE switch set to any 

position except A. 

Pin 12 LO— A Time-Base unit in independent (non- 

detayed) mode. 

4. DELAYED SWEEP 

When the A Time-Base unit is set for delayed operation, 
the operation of ttie stage is chartged so an Alternate Pulse 
is produced only at the end of the A Sweep even when the 
HORIZONTAL MODE switch is set to B. This is necessary 
since the A Time-Base establishes the amount of delay time 



'Simuluneous HI «t pint 6 >r>d 9 tr* not rtquirod: • HI at sithar 
input producai an Altarnata Pulta H olhar eonditient ara mat. 



for the B Time-Base whenever it is displayed. The input 
conditions for this mode of operation are: 

Pin 4 HI— A Horizontal unit operated in time-base mode. 

Pin 5 HI— B Horizontal unit operated in time-base mode. 

Pin 6 HI— Holdoff pulse produced at end of A Sweep. 

Pin 12 Hl-A Time-Base unit in delayed mode. 

5. VERTICAL UNIT IN HORIZONTAL COMPARTMENT 
When a vertical unit is installed in either of the horizon- 
tal plug-in compartments, the Alternate Pulse can be pro- 
duced only from the remaining time-base unit. If vertical 
units are installed in both horizontal plug-in compartments, 
an Alternate Pulse is not produced under normal operating 
conditions since there are no time-base units to produce a 
holdoff pulse. 

NOTE 

The conditions of the Alternate Pulse Generator with 
vertical units in both horizontal plug-in compart- 
ments are such that an Alternate Pulse could be pro- 
duced if positive-going pulses are applied to pins 6 
and 9. Although not used for normal operation, this 
mode may be used in special purpose plug ins. 



6. ONE TIME-BASE REMOVED 

If either time-base unit is removed from its compartment 
and the compartment is left vacant, an Alternate Pulse can 
not be produced. Although the input levels to the Alternate 
Pulse Generator stage will allow an output pulse to be 
produced by the remaining time-base unit, further 
operation is prevented by the A or B Sweep Inhibit stages. 

A logic diagram for the Alternate Pulse Generator stage 
is shown in Fig. 3-6A. Note the resistors shown connected 
to pins 6 and 9 of U160C. These resistors, which are inter- 
nal to the device, hold the level at pins 6 and 9 LO unless a 
HI level is applied to the corresporrdirtg input. Since the 
holdoff gate is capacitlvely coupled to pins 6 and 9, these 
inputs are at the LO level except when a differentiated A or 
B Holdoff Gate is received from the respective time base. 
Fig. 3-6B shows an input/output table for the Alternate 
Pulse Generator stage. 

Z-Axis Logic 

The Z-Axis Logic stage produces an output current 
which sets the intensity of the display on the CRT, The 
level of this output current is determined by the setting of 
the A or B INTENSITY controls, by a current added during 
B Sweep time to provide an intensified zone on the A 
Sweep for delayed-sweep operation, or by an external 
signal. The input current from the A and B INTENSITY 
controls is switched so the output current matches the hori- 
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Delayed Mode / 
Control Out ^ 
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(A Horitontal) 
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A A delays 8 

A A with vertical unit in B com- 
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B B with vertical unit in A com- 

parlment. 

No output pulae ILO at output) 



<t> • Has no oHect in this ease 



'Positiva-eelng pulse. Where both A ar>d B HoldoH are reouired to be HI. a HI at either input produces an Alternate Pulse. 
^Negative-ooine pulse. 



Fig. 3-6. <A) Logic diagram lor Alternate Pulse Generator stage, IB) Table of iirpul/eutput combinations for the Alternate Pulse Generator 
stage. 
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zontal display. The Vertical Chopped Blanking, Horizontal 
Chopped Blanking and Readout Blanking are applied to this 
stage to block the output current and blank the CRT dis- 
play for vertical chopping, horizontal chopping, or during a 
readout display. 

Fig. 3-7 identifies the inputs to the Z-Axis Logic circuit. 
This circuit is current-driven at all inputs except pins 5 and 
15. The current at pins 1, 2. 9 and 16 is variable from 0 to 
4 milliamperes and is determined by the applicable current 
source to control the output current at pin 8. 

The Vertical Chopped Blanking connected to pin 6, and 
the Horizontal Chopped Blanking connected to both pins 6 
and 7 through CR145-CR146, enables or disables this stage 
to control all output current. Quiescently, the level at pins 
6 and 7 is HI so that the intensity current from pins 1,2, 9 
and 16 can pass to the output. However, pin 6 goes LO 
during Vertical Chopped Blanking and both pins 6 and 7 go 
LO for Horizontal Chopped Blanking or during a readout 
display. This blocks the output current and the CRT is 
blanked. The Vertical Chopped Blanking signal is connected 
to pin 6 of U170 directly from pin 4 of U120. The Hori- 
zontal Chopped Blanking signal is connected to U170 from 
pin 4 of U130 through LR134, Q146 and CR145-CR146 
(see diagram 2). Notice that this signal is connected to the 
collector of Q146. This transistor is normally operatirtg in 
the saturated condition and die HI Horizontal Chopped 
Blanking level from U130 is the collector source voltage. 
When the Horizontal Chopped Blanking level goes LO. the 
current through Q146 drops to produce a corresponding 
LO level at its emitter. This level is connected to both pins 
6 and 7 of U170 through CR145 and CR146. 



B INTENSITY — ► 


t 




A Imensifiad 


2 




B Gil« — 


4 




0«l*v*d Mod* Control ^ 
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A Gate — ► 


14 




Oi^iliy B Command ^ 


15 




A INTENSITY — ► 


16 





Fig. 3-7. Input and output pins for Z-Axit Logie stage. 



Q146 also controls the levels at pins 6 and 7 for readout 
displays. The Z-Axis Logic OFF Command from the Read- 
out Circuit is connected to the base of 0146 through 
VR148 and R147. This level is normally HI so 0146 
operates as controlled by the Horizontal Chopped Blanking 
level at its collector. When a readout display is to be 
presented, the Z-Axis Logic OFF Command drops LO and 
this level is coupled to the base of 0146 through VR148 
with very little voltage attenuation. 0146 is reverse-biased 
to produce a LO level at its emitter. This level is coupled to 
pins 6 and 7 of U170 through CR145 and CR146 to block 
the Z-Axis Logic output current during the readout display 
(intensity of readout display determined by a separate 
Readout Intensity level connected directly to the Z-Axis 
Amplifier: see CRT Circuit description). Diode CR147 
clamps the emitter of 0146 at about -0.6 volts when this 
transistor is off. 



The Intensity Limit input at pins 7 and 9 provides pro- 
tection for the CRT phosphor at slow sweep rates or when 
the BEAM FINDER switch is actuated. For conditions that 
do not require limiting, about 2.5 milliamperes is connected 
to pins 7 and 9. This current is established by resistors 
R140-R141-R142-R143-R144 R145-R175. When either of 
the time-base units is set to a sweep rate which requires 
intensity limiting, the junction of R143-R144-R145 is con- 
nected to ground in the time-base unit. This drops the 
current level at pins 7 and 9 to about 1.0 mtlliampere to 
limit the output current from this stage. Limiting the out- 
put current of this stage in turn limits the maximum trace 
intensity for all CRT displays whenever either of the time- 
base units is set to a sweep rate that requires intensity 
limiting. The Max Intensity adjustment R140 is set to pro- 
vide optimum writing rate on the CRT when the INTEN- 
SITY controls are set fully clockwise. 

The A INTENSITY control sets the output current level 
when the A Gate at pin 14 is HI and the Display B Com- 
mand at pin 15 is LO. Whenever the A Gate level goes LO 
indicating that the A Sweep is complete or the Display B 
level goes HI indicating that the B Sweep is being displayed, 
the A INTENSITY current is blocked. The current from the 
A INTENSITY control (see diagram 12) is connected to pin 
16 through R176. 



In the delayed mode, current is added to the A INTEN- 
SITY current during the A Sweep time to intensify a 
portion of the trace. This intensified portion is coincident 
with the B Sweep time to provide an indication of the por- 
tion of the A sweep which will be displayed in the delayed 
mode. The A Intensified current is supplied to pin 2 of 
U170 from the A INTENSITY control through R178. With 
this configuration, the intensified current increases as the A 
INTENSITY control setting is advanced to provide a pro- 
portional intensity increase in the intensified zone as the 
overall A Sweep intensity increases. Therefore, the intensi- 
fied zone is more readily visible at high intensity levels. The 
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Fig. 3-6. lAI Logic diagram lor Z-Axii Logic circuit. (B) Tibia of input/output combinations lor Z-Axis Logic circuit. 
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intensified current is added to the A INTENSITY current 
to produce an intensified zone on the A Sweep under the 
following conditions: HI A Gate level at pin 14, LO Dis- 
play B Command at pin 15, HI B Gate level at pin 4, ar>d HI 
Delayed Mode Control Out level at pin 5. 

The B INTENSITY control determines the output cur- 
rent when the B Gate level at pin 4 and the Display B 
Command at pin 15 are both HI. The current from the B 
INTENSITY control (see diagram 12) is connected to the 
Z-Axis Logic stage through R179. 

The current level established by the intensity controls 
can be altered by the External and Auxiliary Z-Axis current 
level at pin 9. The current at this pin can come from the Z 
AXIS INPUT connectors on the rear panel through R112 or 
from any of the plug-in compartments through R110, 
Rin, R113. or R114. This current either increases or 
decreases (depending on polarity) the output current to 
modulate the intensity of the display. Input from the Z 
AXIS INPUT connectors allows the trace to be modulated 
by external signals. The auxiliary Z-Axis inputs from the 
plug-in compartments allow special purpose plug-in units to 
modulate the display intensity. Diodes CR175 ar>d CR176 
limit the maximum voltage change at pin 9 to about * and 
-0.6 volt to protect the Z-Axis Logic Stage if an excessive 
voltage is applied to the Z AXIS INPUT connectors. 

Fig. 3-8A shows a logic diagram of the Z-Axis Logic 
stage. Notice the current-driven inputs as indicated by the 
current-generator symbols at the associated inputs. An 
input/output table for the Z-Axis Logic stage is given in 
Fig. 3-8B. 

Horizontal Binary 

The Horizontal Binary stage produces the Display B 
Command to determine which horizontal unit is to be dis- 
played on the CRT. When this level is HI, the B Horizontal 
unit is displayed and when it is LO, the A Horizontal unit is 
displayed. The Display 8 Commar>d is used in the following 
stages within the Logic Circuit: Horizontal Logic (A and B 
Lockout), Z-AxIs Logic, and Vertical Binary. In addition, it 
is conrtected to the following circuits elsewhere in the 
instrument to ir>dicate which horizontal unit is to be 
displayed; Main Interface circuit (A and B Horizontal plug- 
in compartments). Vertical Interface circuit (for trace 
separation) and Horizontal Interface circuit (for horizontal 
channel selection). Fig. 3-9 identifies the function of the 
input pins for this stage. The followirtg discussions describe 
the operation of the Horizontal Binary stage in each posi- 
tion of the HORIZONTAL MODE switch. 

1. A MODE 

When the HORIZONTAL MODE switch is set to A, the 
Display 6 Command is LO to irxJicate to all circuits that 
the A Horizontal unit is to be displayed. The levels at pins 







Fig. 3-9. Input arxl putput pins for Honionlil Binary ttaga. 



3, 4, 7 and 10 are determined by the HORIZONTAL 
MODE switch (see diagram 12). This switch indicates which 
horizontal mode has been selected by providing a HI output 
level on only one of four output lines; the remaining lines 
are LO. Therefore, for U150 either pin 3, pins 4 and 7 
(notice that pins 4 and 7 are tied together at U150), or pin 
10 can be HI and the two unselected lines from the HORI- 
ZONTAL MODE switch remain LO. The input conditions 
for A horizontal mode operation are: 

Pin 3 HI-HORIZONTAL MODE switch set to A. 

Pin 4 and 7 LO— HORIZONTAL MODE switch set to 
any position except 8. 

Pin 10 LO— HORIZONTAL MODE switch set to any 
position except CHOP. 

2. 6 MODE 

Selecting the B horizontal mode provides a HI Display B 
Command to all circuits. The input conditions are: 

Pin 3 LO— HORIZONTAL MODE switch set to any posi- 
tion except A. 

Pin 4 and 7 HI-HORIZONTAL MODE switch set to B. 

Pin 10 LO-HORIZONTAL MODE switch set to any 
position except CHOP. 

3. CHOP MODE 

In the CHOP position of the HORIZONTAL MODE 
switch, the Display B Command switches between the HI 
and LO levels to produce a display which switches between 
the A and B Horizontal units at a 0.2 megahertz rate. The 
repetition rate of the Display B Command in this mode is 
determined by the Horizontal Chopped Blanking pulse (see 
Chop Counter stage for further information on this pulse) 
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Each time the Horizontal Chopped Blanking Pulse at pin 1 
drops LO, the output at pin 6 switches to the opposite 
state. The input conditions which cause the output to 
change states are: 

Pin 1 LO— Horizontal Chopped Blanking pulse generated 
by Chop Counter stage goes negative. 

Pin 3 LO-HORIZONTAL MODE switch set to any posi- 
tion except A. 



Pin 4 and 7 LO-HORIZONTAL MODE switch set to 
any position except B. 

Pin 10 HI— HORIZONTAL MODE switch set to CHOP. 



4. ALT MODE 

For ALT horizontal operation, the Display B Command 
switches to the opposite state each time the negative por- 
tion of the Alternate Pulse is received from the Horizontal 
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Fig. 3-10. (A) Logic diagram for Horizontal Binary Raga. IBI Table of irtput/output combinations for tha Horizontal Binary naga. 
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Logic stage. Repetition rate of the Display 8 Command in 
this mode is one-half the repetition rate of the Alternate 
Pulse. The input conditions which cause the output to 
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Pin 10 LO-HORIZONTAL MODE switch set to any 
position except CHOP. 







Fig. 3-10A shows a logic diagram of the Horizontal 
Binary stage. An input/output table showir>g the conditions 
for each position of the HORIZONTAL MODE switch is 
shown in Fig. 3-106. 

Vertical Binary 

The Vertical Binary stage produces the Display Right 
Command to determine which vertical unit is to be dis- 
played on the CRT. When this output level is HI. the Right 
Vertical unit is displayed and when it is LO, the Left Verti- 
cal unit is displayed. In the ALT or CHOP positions of the 
HORIZONTAL MODE switch, (non-delayed operation 
only), the output of this stage is slaved to the output of the 
Horizontal Binary stage so d>at the Display Right Com- 
mand is always HI when the Display B Command is LO. 
and vice versa. This action allows sweep-slaving operation in 
the ALT position of the VERTICAL MODE switch and the 
ALT or CHOP positions of the HORIZONTAL MODE 
switch whereby the Left Vertical unit is always displayed at 
the sweep rate of the B Time-Base unit and the Right Verti- 
cal unit at the sweep rate of the A Time-Base unit. 

When the A Time-Base unit is set to the delayed mode, 
the repetition rate of the Display Right Command is one- 
half the repetition rate of the Display B Command input. 
This results in each vertical unit beirtg displayed first against 
the A Time-Base unit (delaying) and the 8 Time-Base unit 
(delayed) before the display is switched to the other verti- 
cal unit. The Display Right Command is used in the fol- 
lowing stages within the Logic Circuit: Plug-In Binary. Ver- 
tical Chopped Blanking, and Vertical Mode Control. It is 
also connected to the following circuits elsewhere in the 
instrument to indicate which vertical unit is to be displayed 
(through Vertical Mode Control stage; ALT vertical mode 
only): Main Interface circuit (Left and Right Vertical plug- 
in compartments and trigger selection circuitry) and Verti- 
cal Interface circuit. 

Fig. 3-1 1 identifies the function of the input pins for the 
Vertical Binary stage. This stage uses the same type of 



Pie. 3-11. Input and output pint for V«rtic«l Binary ttaea. 

integrated circuit as the Horizontal Binary stage. Notice the 
Display A level at pin 7. This input is the inverse of the Dis- 
play 6 level at pin 8. Therefore the Display A level is always 
HI when the Display 6 level is LO, and vice versa. The fol- 
lowing discussions describe the operation of the Vertical 
Binary stage in relation to the modes of operation that can 
occur. 

NOTE 

Although the output at pin 6 of U180 is always con- 
trolled by the HORIZONTAL MODE switch as 
described here, this level determines the Vertical 
Mode Control level at the collector of 0196 only in 
the ALT position of the VERTICAL MODE switch 
due to AND gate CR183-CR184. See the discussion 
on the Vertical Mode Logic stage in this section for 
further information. 

1. AOR BMODE 

When die HORIZONTAL MODE switch is set to either 
A or B, the Display Right Command switches to the op- 
posite state each time an Alternate Pulse is received from 
the Horizontal Logic stage. Repetition rate of the Display 
Right Command in this mode is one-half the repetition rate 
of the Alternate Pulse. The input conditions for these 
modes are: 

Pin 1 LO— Alternate Pulse generated by Horizontal Logic 
stage goes negative. 

Pin 4 LO— HORIZONTAL MODE switch in any position 
except ALT or CHOP, or the A Time-Base unit is set for 
delayed sweep. 

Pin 10 HI-HORIZONTAL MODE switch set to A or 8. 

2. ALT OR CHOP MODE (HORIZ)-NON-DELAYED 

In the ALT or CHOP positions of the HORIZONTAL 
MODE switch, the output level at Pin 6 is the same as the 
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Display A level at pin 7. The Display A level is produced by 
inverting the Display 6 Command from the Horizontal 
Binary stage. Therefore, the repetition rate of the output 
signal is the same as the Display B Command. The result 
with die VERTICAL MODE switch set to ALT and the A 
Time-Base unit set for non-delayed operation is that the 
Right Vertical unit is always displayed at the sweep rate of 
the A Time-Base unit and the Left Vertical unit at the 
sweep rate of the B Time-Base unit (sweep slaving). The 
input conditions to provide a HI output level so that the 



Right Vertical unit can be displayed at the A Sweep rate 
are: 

Pin 4 HI— HORIZONTAL MODE switch set to ALT or 
CHOP with non-delayed sweep. 

Pin 7 HI— A Sweep is to be displayed (Display B Com- 
mand LO). 

Pin 10 LO-HORIZONTAL MODE switch set to any 
position except A or B. 



Oitptay A 



Delayed Mode 
Control Out 



lAI U180 




A Mode- 



CR156' 

CR1S7, 



Alternate Pulse 




Display 

Rieht 

Command 






21L alt or CHOP. Nondel.yed 

LO I Display Left ( 'Sweep-slavin,! 



ALT or CHOP, Delayed Mode 



P • Hat no effect in this ease. 

n«1 • If output IS LO prior to LO' it goee HI, and vice varu. 

' Actuated by negative-going edge. 

^ Repetition rate one-half Altarnats Pulta rate. 

^Repetition rale one^talf Display B raM. 



Pig. 3-12. (A) Logic diagram for Vertical Binary stags. <BI Table of input/outpul combinations for the Vertical Binary slaga. 
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The input conditions to provide a LO output level so the 
Left Vertical unit can be displayed at the B Sweep rate are: 
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Pin 4 HI— HORIZONTAL MODE switch set to ALT or 
CHOP with non-delayed sweep. 

Pin 7 LO— B Sweep is to be displayed (Display B Com- 
mand HI). 

Pin 10 LO— HORIZONTAL MODE switch set to any 
position except A or B. 

The Display Right Command switches from HI to LO 
along with the Display A level at pin 7 (inverse of Display B 
Command). However, notice that the Display Right Com- 
mand changes from HI to LO as the Display 6 Command 
changes from LO to HI, ar>d vice versa. 




Oiffity 
Channel 2 
Commarxi 



FiQ. 3-13. Input and Output pint lor Plug in Binary itaga. 



3. ALT OR CHOP MODE (HORIZ)-DELAYED 

If the A Time-Base unit is set to the delayed mode when 
the HORIZONTAL MODE switch is set to either ALT or 
CHOP, the operation of the stage is changed from that 
discussed above. Now, the Display Right Command 
switches between the HI and LO states at a rate which is 
one-half the repetition rate of the Display B Command. The 
resultant CRT display allows the Right Vertical unit to be 
displayed first against the A Sweep (delaying) ar>d then 
against the B Sweep (delayed). Then the display switches to 
the Left Vertical unit and it is displayed consecutively 
against the A and B Sweeps in the same manner. The input 
conditions for this mode of operation are: 

Pin 4 LO— A Time-Base unit set for delayed operation. 

Pin 8 LO— Display B Command generated by Horizontal 

Binary stage goes negative. 

Pin 10 LO-HORIZONTAL MODE switch set to any 

position except A or B. 

A logic diagram of the Vertical Binary stage is shown in 
Fig. 3-12A. Several Logic functions in this stage are per- 
formed by logic devices made up of discrete components. 
The components that make up these logic devices are iden- 
tified on the logic diagram. An input/output table for the 
Vertical Binary stage is given in Fig. 3-12B. 

Piug-ln Binary 

The Plug-In Binary stage produces the Display Channel 2 
Command to provide a Plug-In Alternate Command to dual- 
trace vertical units. Fig. 3-13 identifies the function of the 
input pins for the Plug-In Binary stage. This stage uses the 
same type of integrated circuit as the Horizontal Birury and 
Vertical Binary stages. 



When the Display Channel 2 Command level is HI and 
the vertical plug ins are set for alternate operation, Channel 
2 of the dual-trace unit is displayed. When it is LO, Chanrtel 
1 is displayed. The repetition rate of the Display Channel 2 
Command is determined by the setting of the VERTICAL 



MODE switch. For all positions except ALT, the Display 
Channel 2 Command is the same as the Display Right Com- 
mand from the Vertical Binary stage. Since the Display 
Right Command was derived directly from the Display B 
Command, this allows the two channels of a dual-trace ver- 
tical unit to be slaved to the time-base units (non-delayed, 
dual-sweep horizontal modes only) in the same manner as 
previously described for slaving between the vertical and 
time-base units. The resultant CRT presentation when the 
dual-trace unit is set for alternate operation displays the 
Channel 1 trace at the sweep rate of the B Time-Base unit 
and the Channel 2 trace at the sweep rate of the A Time- 
Base unit. Input conditions for a LO output level so that 
Channel 1 of the vertical plug-in can be displayed at the B 
Sweep rate are: 

Pin 4 HI— VERTICAL MODE switch set to any position 
except ALT. 

Pin 7 LO-B Sweep to be displayed (Display Right and 
Display B Command HI). 

The input conditions to provide a HI output level so that 
Channel 2 of the plug-in can be displayed at the A Sweep 
rate are: 

Pin 4 HI-VERTICAL MODE switch set to any position 
except ALT. 

Pin 7 HI— A Sweep to be displayed (Display Right and 
Display B Command LO). 



The Display Channel 2 Command switches from HI to 
LO as the Display B Command from the Horizontal Binary 
stage switches from LO to HI, and vice versa. 



When the VERTICAL MODE switch is set to ALT, the 
Display Right Command from the Vertical Binary stage 
switches the vertical display between the two vertical units. 
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However, if either or both of the vertical plug-in units are 
dual trace units, they can be operated in the alternate mode 
also. To provide a switching command to these units, the 
Plug-In Binary stage produces an output signal with a 
repetition rate one-half the repetition rate of the Display 
Right Command. The sequence of operation when two 
dual-trace vertical units are installed in the vertical plug in 
compartments ar>d they are both set for alternate opera- 
tion, is as follows (VERTICAL MODE and HORIZONTAL 
MODE switches set to ALT): 1. Channel 1 of Left Vertical 
unit at sweep rate of B Time-Base unit, 2. Channel 1 of 
Right Vertical unit at sweep rate of A Time-Base unit, 3. 
Channel 2 of Left Vertical unit at sweep rate of B Time- 
Base unit, 4. Channel 2 of Right Vertical unit at sweep rate 
of A Time-Base unit. Notice that under these conditions, 
both channels of the Left Vertical unit are displayed at the 
B Sweep rate and that both channels of the Right Vertical 
unit are displayed at the A Sweep rate. The repetition rate 
at the output of this stage is one-half the Display Right 



Command rate. Input conditions when the VERTICAL 
MODE switch is set to ALT are: 

Pin 4 LO-VERTICAL MODE switch set to ALT. 

Pin 8 LO— Display Right Command generated by Verti- 
cal Binary stage goes negative. 

Fig. 3-14A shows a logic diagram of the Plug-In Binary 
stage. An input/output taUe for this stage is given in Fig. 
3-14B. 

Clock Generator 

One half of integrated circuit LM 20 along with the exter- 
nal components shown in Fig. 3-15A make up the Clock 
Generator stage. R1, 01. 02 and 03 represent an equiva- 
lent circuit which is contained within U120A. This circuit 
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Pig. 3-14. <A) Logic diagram for Plug-In Bittary stage, (B) Table of input/output combinations for the Plug-In Binary staga. 
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along with discrete components C117-R1 16-R117-R118 
comprise a two-megahertz free-running oscillator to provide 
a timing signal (clock) for vertical, horizontal, and plug-in 
chopping. 



The stage operates as follows: Assume that Q2 is con- 
ducting and Q1 is off. The collector current of 02 produces 
a voltage drop across R 1 which holds Qt off. This negative 
level at the collector of 02 is also connected to pin 14 
through 03 (see waveforms in Fig. 3-15B at time Tp). Since 
there is no current through 01, C117 begins to charge 
towards —15 volts through R1 16-R1 17. The emitter of 01 
goes negative as C117 charges until it reaches a level about 
0.6 volt more negative than the level at its base. Then, 01 is 
forward biased and its emitter rapidly rises positive (see 
time T, on waveforms). Since Cl 17 cannot change its 
charge instantaneously, the sudden change in voltage at the 
emitter of 01 pulls the emitter of 02 positive also, to 
reverse-bias it. With 02 reverse biased, its collector rises 
positive to produce a positive output level at pin 14. 



Now, conditions are reversed. Since 02 is reverse biased, 
there is no current through it. Therefore, C 1 1 7 can begin to 
discharge through R118. The emitter level of 02 follows 
the discharge of C1 17 until it reaches a level about 0.6 volt 



more negative than its base. Then, 02 is forward biased and 
its collector drops negative to reverse-bias 01. The level at 
pin 14 drops negative also, to complete the cycle. Once 
again, C117 begins to charge through R116-R117 to start 
the second cycle. 



Two outputs are provided from this oscillator. The 
Delay Ramp signal from the junction of R1 16-R117 is con- 
nected to the Vertical Chopped Blanking stage. This signal 
has the same waveshape as shown by the waveform at pin 
13 with its slope determined by the divider ratio between 
R116-R117. A square-wave output is provided at pin 14. 
The frequency of this square wave is determined by the 
overall RC relationship between C117-R116-R1 17-R118, 
and its duty cycle is determined by the ratio of R116-R117 
to R118. 



The square wave at pin 14 is connected to pin 16 
through C119. C119, along widi the internal resistance of 
U120A, differentiates the square wave at pin 14 to produce 
a negative-going pulse coincident with the falling edge of 
the square wave (positive-going pulse coincident with rising 
edge has no effect on circuit operation). This negative-going 
pulse is connected to pin 15 through an inverter-shaper 
which is also part of U120A. The output at pin 15 is a 




Fig. 3-15. (Al Diagram of Clock Ganarator ftaga, IB) Idaaluad mavaforms for Clock Ganarator staga. 
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positive-going Clock pulse at a repetition rate of about two 
megahertz. 

Vertical Chopped Blanking 

The Vertical Chopped Blanking stage is made up of the 
remaining half of Integrated circuit U120. This stage deter- 
mines if Vertical Chopped Blanking pulses are required 
based upon the operating mode of the vertical system or 
the plug-in units (dual-trace units only). Vertical Chopped 
Blanking pulses are produced if; 1. VERTICAL MODE 
switch is set to CHOP; 2. Dual-trace vertical unit is opera- 
ting in the chopped mode and that unit is being displayed: 
3. Dual-trace vertical unit operating in the chopped mode 
with the VERTICAL MODE switch set to ADD. The repeti- 
tion rate of the negative-going Vertical Chopped Blanking 
pulse output at pin 4 is always two megahertz as deter- 
mined by the Clock Generator stage. 



The Delay Ramp signal from the Clock Generator stage 
determines the repetition rate and pulse width of the Verti- 
cal Chopped Blanking pulses. The Delay Ramp applied to 
pin 10 starts to go negative from a level of about -*-1.1 volts 
coincident with the leading edge of the Clock pulse (see 
waveforms in Fig. 3-16B). This results in a HI quiescent 
condition for the Vertical Chopped Blanking pulse. The 
slope of the negative-going Delay Ramp is determined by 
the Clock Generator stage. As it reaches a level slightly 
negative from ground, the Vertical Chopped Blanking pulse 
output level changes to the LO state. This signal remains 
LO until the Delay Ramp goes HI again. Notice dte delay 
between the leadirtg edge of the Clock pulse generated by 
U120A and the leading edge of the Vertical Chopped 
Blanking pulses (see Fig. 3-16B). The amount of delay 
between the leading edges of these pulses is determined by 
the slope of die Delay Ramp applied to pin 10. This delay 
is necessary due to the delay line in the vertical deflection 
system. Otherwise, the trace blanking resulting from the 



Vertical Chopped Blanking pulse would not coincide with 
the switching between the displayed traces. The duty cycle 
of the square wave produced in the Clock Generator stage 
determines the pulse width of the Vertical Chopped 
Blanking pulses (see Clock Generator discussion for more 
information). 

Whenever this Instrument is turned on. Vertical Chopped 
Blanking pulses are being produced at a two-megahertz rate. 
However, these pulses are available as an output at pin 4 
only when the remaining inputs to U120B are at the correct 
levels. The following discussions give the operating condi- 
tions which produce Vertical Chopped Blanking pulses to 
blank the CRT during vertical chopping. Fig. 3-16A identi- 
fies the function of the pins of U120B. 



1 . CHOP VERTICAL MODE 

When the VERTICAL MODE switch is set to CHOP, 
Vertical Chopped Blanking pulses are available at pin 4 at 
all times. The input conditions necessary are: 

Pin 3 HI-VERTICAL MODE switch set to CHOP. 

Pin 7 LO— VERTICAL MODE switch set to any position 
except ADD. 

Pin 10 LO— Delay Ramp more negative than about zero 
volts. 



2. LEFT VERTICAL UNIT SET FOR CHOPPED MODE 

If the Left Vertical unit is set for chopped operation, the 
setting of the VERTICAL MODE switch determines 
whether Vertical Chopped Blanking pulses are available. If 
the VERTICAL MODE switch is set to the CHOP position, 
conditions are as described in #1 above. Operation in the 
ADD position of the VERTICAL MODE switch is given 




Fig, 3-16. (Al Input and output pins for VarticJl Chopped Blanking nag*. IBI Ideilizwl wavefortna for Vertical Chopped Blanking nags. 
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later. For the LEFT position of the VERTICAL MODE 
switch or when the Left Vertical unit is to be displayed in 
the ALT mode. Vertical Chopped Blanking pulses are avail- 
able at all times (two-megahertz rate). The input corxfitions 
are: 



Pin 3 LO— VERTICAL MODE switch set to any position 
except CHOP. 

Pin 5 LO— Left Vertical unit set to chopped mode. 

Pin 6 LO— Left Vertical unit to be displayed (Display 
Right Command LO). 

Pin 7 LO— VERTICAL MODE switch set to any position 
except ADD. 

Pin 10 LO— Delay Ramp more negative than about zero 
volts. 



Notice that the Display Right Command at pin 6 must 
be LO for output pulses to be available at pin 4. This means 
that when the VERTICAL MODE switch is set to ALT, 
Vertical Chopped Blanking pulses will be produced only 
during the time diat the Left Vertical unit is to be dis- 
played (unless Right Vertical unit is also set for chopped 
operation). 



3. RIGHT VERTICAL UNIT SET FOR CHOPPED 
OPERATION 

If the Right Vertical unit is set for the chopped mode, 
operation is the same as described above for the Left Verti- 
cal unit except that Vertical Chopped Blanking pulses are 
produced when die VERTICAL MODE switch is set to 
RIGHT or when the Display Right Command is HI in the 
ALT mode. The input conditions are: 

Pin 3 LO— VERTICAL MODE switch set to any position 
except CHOP. 

Pin 6 HI— Right Vertical unit to be displayed (Display 
Right Command Hi), 

Pin 7 LO— VERTICAL MODE switch set to any position 
except ADD. 

Pin 8 LO— Ri^t Vertical unit set to chopped mode. 

Pin 10 LO— Delay Ramp more negative than about zero 
volts. 



4. ADD VERTICAL MODE 

When the VERTICAL MODE switch is in the ADD posi- 
tion and either or both of the vertical units are operating in 
the chopped mode. Vertical Chopped Blanking pulses must 



be available to block out the transition between the traces 
of the vertical units. The input conditions are: 

Pin 3 LO— VERTICAL MODE switch set to any position 
except CHOP. 

Pin 5 LO-Left Vertical unit set to chopped mode (can 
be HI if pin 8 is LO). 

Pin 7 HI-VERTICAL MODE switch set to ADD. 

Pin 8 LO— Right Vertical unit set to chopped mode (can 
be HI if pin 5 is LO). 

Pin 10 LO— Delay Ramp more negative than about zero 
volts. 



Fig. 3-17A shows a logic diagram of the Vertical 
Chopped Blanking stage. Notice the comparator block on 
this diagram (one input connected to pin 10). The output 
of this comparator is determined by the relationship be- 
tween the levels at its inputs. If pin 10 is more positive (HI) 
than the grounded input, the output is HI also; if it is more 
negative (LO), the output is LO. An input/output table for 
this stage is given in Fig. 3-17B. 



Chop Counter 

The Chop Counter stage produces the Vertical Chopping 
Signal, the Plug-In Chop Command and the Horizontal 
Chopped Blanking signal. The Clock pulse produced by the 
Clock Generator stage provides the timing signal for this 
stage, The functions of the input and output pins for the 
Chop Counter stage are identified in Fig. 3-18A. Idealized 
waveforms showing the timing relationship between the 
input and output signals for diis stage are shown in Fig. 
3-18B. 



The repetition rate of the output signals from this stage 
is determined by the setting of the HORIZONTAL MODE 
switch. When the HORIZONTAL MODE switch is set to 
any position except CHOP, the repetition rate of the Verti- 
cal Chopping Signal output at pin 1 is one megahertz (one- 
half Clock rate). This determines the switching between the 
Left and Right Vertical units when the VERTICAL MODE 
switch is set to CHOP. At the same time, the repetition rate 
of the Plug-In Chop Command at pin 8 is 0.5 megahertz 
(one-fourth Clock rate). This provides a chopping signal to 
dual-trace vertical units to provide switching between the 
two channels. The relationship between these output signals 
and the Clock input is shown by the waveforms in Fig. 
3-18B in the area between Tq and Tj . During this time, the 
level at pin 4 remains HI. 



When the HORIZONTAL MODE switch is set to CHOP, 
the basic repetition rate of the Vertical Chopping Signal 
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Pig. 3-17. lAI Logic diagram for Vertical Chopped Blankirtg stage. (Bl Table of input/output combinations for Vertical Chopped Blanking 
stage. 




and the Plug-In Chop (>>mmand is altered. For example, if 
the HORIZONTAL MODE switch is changed to the CHOP 
position at tinte T| (see Fig. 3-18B), a HI level is applied to 
pin 6. This stage continues to produce outputs at pins 1 and 
8 in the normal manner until both outputs are at their HI 
level (see time Tj ; this condition only occurs once every 
fifth Clock pulse when the HORIZONTAL MODE switch is 
set to CHOP>. When both of these outputs are at their HI 
level, the next Clock pulse switches both outputs LO and at 
the same time switches the Horizontal Chopped Blanking to 
the LO level. However, this change does not appear at pin 4 
immediately due to a delay network in the circuit. The 



delay is necessary so the Horizontal Chopped Blanking 
coincides with the Vertical Chopped Blanking produced by 
LM20A and the switching between the displayed signals 
(compare bottom two waveforms of Fig. 3-186; also see 
Vertical Chopped Blanking for furdser information). After 
the delay time, the output level at pin 4 goes LO where it 
remains for about 0.5 microsecond which is equal to the 
period of the Clock pulse (two megahertz repetition rate). 
The Horizontal Chopped Blanking time must be longer than 
the Vertical Chopped Blanking time since it takes more 
time for the display to switch between horizontal units 
than between vertical units. During the time that the level 
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Fig. 3-18. (Al Input and output pinsior Chop Counttr itage. <BI Idealizad wavaformi for Chop Counter stage. 



at pin 4 is LO, the CRT is blanked and the Vertical 
Chopped Signal and the Plug-in Chop Command cannot 
change levels. The Clock pulse at T^ changes only the Hori- 
zontal Chopped Blanking output at pin 4. The level on this 
pin goes HI after the delay time to unbtank the CRT. 



For the next three trigger pulses, the Vertical Chopping 
Signal output and Plug in Chop Command operate in the 
normal manner. However, just prior to the fourth clock 
pulse (time T^) both outputs are again at their HI level. The 
fourth Clock pulse at T^ switches the output at pin 1 . pin 
8. and pin 4 (after delay) to the LO level to start the next 
cycle. Notice that a Horizontal Chopped Blanking pulse is 
produced at pin 4 with every fifth Clock pulse. Also notice 
that with the HORIZONTAL MODE switch set to CHOP, 
two complete cycles of the Vertical Chopping Signal are 
produced with each five Clock pulses (repetition rate two- 
fifths Clock rate) and one complete cycle of the Plug in 
Chop Command for every five Clock pulses (one-fifth Clock 
rate). Notice that the large shaded area produced by the 
Horizontal Cheeped Blanking pulse (see Fig. 3-18B) is not 
part of the display time (CRT display blanked). However, 
about the same time segment is displayed from the vertical 
signal source with or without Horizontal Chopped Blanking 
due to the change in repetition rate v^en In the CHOP 
horizontal mode. 



The Vertical Chopping Signal at pin 1 of U130 is con- 
nected to the Vertical Mode Logic stage (see following de- 
scription) through L138-R138. This signal is HI when the 
Right Vertical unit is to be displayed and it is LO when the 
Left Vertical unit is to be displayed. The Plug in Chop 
Command at pin 8 is connected to the plug in units in the 
vertical compartments through L136-R136 via the Main In- 
terface board. When diis signal is HI. Channel 2 of the 
plug-in units can be displayed and when this level is LO. 
Channel 1 can be di^layed. The Horizontal Chopped 
Blanking signal at pin 4 is connected through LR134 to the 
Horizontal Binary stage U1&0. and to the Z-Axis Logic 
stage U170 by way of 0146. When this signal is HI. the 
CRT is unblanked to display the selected signal. When it is 
LO. the CRT is blanked to allow switching between the 
time-base units. 



A logic diagram of the Chop Counter stage is shown in 
Fig. 3-19. Details of operation for the flip flops (FF) are 
shown in Table 3-1 at the front of this section. Use the 
waveforms given in Fig. 3-1 8B along with this diagram. 

Vertical Mode Logic 

The Vertical Mode Logic stage made up of discrete com- 
ponents CR128-CR139. CR183-CR184, and Q194-Q196. 
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Fig, 3-19, Logic diagram of Chop Countar ataga. 



These components develop the Vertical Mode Command 
which is connected to the Main Interface circuit (vertical 
plug-in compartments and trigger selection circuitrv) and 
the Vertical Interface circuit to indicate which vertical unit 
is to be displayed. When this output level is HI. the Right 
Vertical unit is displayed and when it is LO, the Left Verti- 
cal unit is displayed. 



The VERTICAL MODE switch located on diagram 12 
provides control levels to this stage. This switch provides a 
HI level on only one of five output lines to indicate the 
selected vertical mode; the remaining tines are LO (notice 
that only four of the lines from the VERTICAL MODE 
switch are used on this schematic). Operation of this stage 
is as follows; 



When the VERTICAL MODE switch is set to RIGHT, a 
HI level is connected to the base of Q194 through R127. 
This forward biases 0194 and the positive-going level at its 
emitter is connected to the emitter of Q19€. The collector 
of 0196 goes HI to indicate that the Right Vertical unit is 
to be displayed. For the CHOP position of the VERTICAL 
MODE switch, a HI level is applied to the anodes of 
CR128-CR139 through R128. Both diodes are forward 
biased so that the Vertical Chopping Signal from pin 1 of 
U130 can pass to the base of 0194. This signal switches 
between the H I and LO levels at a one-megahertz rate and it 
produces a corresponding Vertical Mode Command output 
at the collector of 0196. When the output is HI, the Right 
Vertical unit is displayed and when it switches to LO, the 
Left Vertical unit is displayed. 



In the ALT position of the VERTICAL MODE switch, a 
HI level is applied to the anodes of CR183-CR184 through 
R183. These diodes are forward biased so the Display Right 
Command from pin 6 of the Vertical Binary stage can pass 
to the base of 0194 to determine the Vertical Mode Com- 
mand level. The Display Right Command switches between 
its HI and LO levels at a rate determined by the Vertical 
Binary stage. 



The control levels in the LEFT and ADD positions of 
the VERTICAL MODE switch are not connected to this 
stage. However, since only the selected line from the VER- 
TICAL MODE switch can be HI, the RIGHT. CHOP and 
ALT lines must remain at their LO level when either LEFT 
or ADD are selected. Therefore, the base of 0194 remains 
LO to produce a LO Vertical Mode Control output level at 
the collector of 0196. 



A logic diagram of the Vertical Mode Logic stage is 
shown in Pig. 3-20. The discrete components which make 
up each logic function are identified. 



TRIGGER SELECTOR 

General 

The Trigger Selector circuit determines the trigger signal 
which is connected to the A and B Time-Base units as con- 
trolled by the A TRIGGER SOURCE and B TRIGGER 
SOURCE switches. This circuit also provides the drive sig- 
nal for the Vertical Signal Amplifier circuit as controlled by 
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Fig. 3-20. Logic diagram of Vertical Mode Logic stage. 



ttie 6 TRIGGER SOURCE switch. Fig. 3-21 shows a de- 
tailed block diagram of the Trigger Selector circuit along 
with a simplified diagram of ail the circuitry involved in 
selection of the trigger source. A schematic of the Trigger 
Selector circuit is shown on diagram 3 at the rear of this 
manual. Also see diagrams 1 and 12 for the trigger selection 
circuitry not shown on diagram 3. 



Trigger Mode and ADD Signals 

General. The circuitry shown on the left side of the 
simplified diagram in Fig. 3-21 determines the operation of 
the A and B Trigger Channel Switch stages. The A TRIG- 
GER SOURCE switch S1011 controls the A Trigger 
Channel Switch U304 through 024; the B TRIGGER 
SOURCE switch S1001 controls the B Trigger Channel 
Switch U324 through 028. When the front-panel A or B 
TRIGGER SOURCE switches are set to the VERT MODE 
positions, die setting of the VERTICAL MODE switch 
determines the trigger selection. In the LEFT VERT or 
RIGHT VERT positions, the trigger signal is obtained from 
the indicated vertical unit. The following discussions give 
detailed operation in each position of the A and 6 TRIG- 
GER SOURCE switches. It is written assuming that both of 
these switches are set to the same position. However, the A 
and B TRIGGER SOURCE switches operate independently 
to control the operation of the A and B Trigger Channel 
Switch stages respectively, to select the digger output signal 
for the associated time-base unit. 



VERT MODE. In the VERT MODE position of either 
the A or B TRIGGER SOURCE switch, the setting of the 
VERTICAL MODE switch determines the operation of the 
A and B Trigger Channel Switch stages (A TRIGGER 






SOURCE, B TRIGGER SOURCE and VERTICAL MODE 
switches shown on diagram 12). In the LEFT position of 
the VERTICAL MODE switch, the bases of 024 or Q28 
(see Main Interface schematic) are connected to ground 
through the ALT and RIGHT sections of S1021, CR1022 
and CR1027, and S1001 or S1011. This holds 024 or Q28 
reverse biased to provide a LO level to pin 4 of U304 and 
U324 (see Fig. 3-22). 



When the VERTICAL MODE switch is set to ALT, -t-S 
volts is applied to the bases of 024 or 028 through 
CR1022 and S1001 or S1011, 024 and Q28 are forward 
biased and their emitter level is determined by the Vertical 
Mode Signal from the Logic Circuit applied to their collec- 
tors. This signal switches between the HI level (Right Verti- 
cal unit to be displayed) and the LO level (Left Vertical 
unit to be displayed) at the end of each sweep. When the 
Vertical Mode Signal is HI, it provides a positive collector 
voltage to 024 and Q28. Q24 and 028 are saturated due to 
CR1022, and their emitter levels are very near the collector 
level. This provides a HI output level to the Trigger Channel 
Switch stages. As the Vertical Mode Signal goes LO. the 
collector supply for Q24 and 028 also goes negative. Q24 
and Q28 remain saturated and the output again follows the 
collector level to supply a LO output level to U304 and 
U324. 



For ADD and CHOP vertical mode operation. +S volts is 
connected to pin 14 of U304 and U324 through CR1021 or 
CR1023 and S1001 or S1011. At the same time, the base 
of Q24 or Q28 is held LO by the ground connection 
through the ALT and RIGHT sections of S1021 so the level 
at pin 4 of the Trigger Channel Switches is LO also (pro- 
duces an ADD mode in Trigger Channel Switches: see 
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Fig, 3-22. input levtls «t pin 4 of U304 ind U324 (toure* of trig- 
gering signal is shown in parenthesis) . 



description of these circuits which follows). In the RIGHT 
position of the VERTICAL MODE switch, +5 volts is con- 
nected to the bases of Q24 or Q28 through CR1027 and 
S1001 or S1011 to forward bias these transistors. The 
Vertical Mode Signal connected to the collectors of Q24 
and Q28 is also HI in this mode and a HI output level is 
produced at the emitters of Q24 or Q28. 



LEFT VERT. When the LEFT VERT trigger source is 
selected, the VERTICAL MODE switch is disconnected 
from the trigger selector circuitry. Now, the ground connec- 
tion through the RIGHT VERT section of S1001 or S1011 
establishes a LO output level at the emitters of Q24 ar>d 
028. 

RIGHT VERT. In the RIGHT VERT position of the A 
or B TRIGGER SOURCE switches, *5 volts is connected to 
the emitters of Q24 and 028 through S1011-R23 or 
S1001-R27. This produces a HI output level to the A and B 
Trigger Channel Switch stages. 

A and B Trigger Channel Switch 

The A and 8 Trigger Channel Switch stages determine 
which input signal provides the trigger signal to the time- 
base units as controlled by the trigger mode and ADD sig- 
nals from the trigger selection circuitry. Resistors 
R301-R321 and R302-R322 establish the input resistance 
of this stage and provide a load for the trigger output of the 



Left and Right Vertical plug-in units. Resistors 
R303 R304-R305 and R307-R308-R309 establish the oper- 
ating levels for the A Trigger Channel Switch; R303-R305 
and R307-R309 set the current gain for each channel. Re- 
sistors R323-R324-R325 and R327-R328-R329 establish 
the operating levels for the B Trigger Channel Switch; 
R323-R325 and R327-R329 set the current gain for each 
channel. These stages are made up primarily of integrated 
circuits U304 and U324. An input/output table for U304 
and U324 is shown in Fig. 3-23. U304-U324 provide a high 
impedance differential input for the trigger signal from the 
Left Vertical unit at pins 2 and IS and for the trigger signal 
from the Right Vertical unit at pins 7 and 10. The output 
signal at pins 12 and 13 is a differential signal. The sum of 
the DC current at pins 1 2 and 1 3 is always equal to the sum 
of the DC currents at pins 1, 8, 9 and 16 in all modes. This 
provides a constant DC bias to the stages which follow as 
the A or B TRIGGER SOURCE switches or the VERTI- 
CAL MODE switch are changed. 



When the level at pin 4 is LO (see Trigger Mode and 
ADD Signals dixussion and Fig. 3-23I, the trigger signal 
from the Left Vertical unit passes to the output while the 
trigger signal from the Right Vertical unit is blocked. A HI 
level at pin 4 connects the trigger signal from the Right 
Vertical unit to the output and the trigger signal from the 
Left Vertical unit is blocked. For VERT MODE operation 
in the ALT position of the VERT MODE switch, the level 
at pin 4 switches between the LO and HI level at a rate 
determined by the Vertical Binary stage (see Logic Circuit 
description). This action obtains the trigger signal from the 
Left Vertical unit when the Left Vertical unit is being dis- 
played and from the Right Vertical unit when this unit is 
being displayed. 



Input / Output 



/ 


/ < 
/ Q 

/ ▼ 

A 




4 


14 


12. 13 


LO 


LO 


Left triggar signal 


HI 


LO 


Right Trigger signal 


LO 


HI 


Both ledded algebraieallvl 



Fig. 3-23. Inpul/output ubl« of A *nd B Tnggtr Channel Switch 
ittgts. 
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When the level at pin 4 is LO and the level at pin 14 is 
HI, the trigger signal from both the Left and Right Vertical 
units passes to the output pins. This condition occurs only 
when the A or B TRIGGER SOURCE switches are set to 
VERT MODE and the VERTICAL MODE switch is set to 
either ADD or CHOP. Under d>is operating mode, the trig- 
ger output signal is the algebraic sum of the trigger input 
signals from the Left and Right Vertical units to prevent 
triggering on the vertical chopping transition or only on one 
signal of an added display. 

A Trigger Output Amplifier 

The trigger output signal at pins 12 arnl 13 of the A 
Trigger Channel Switch is connected to the emitters of 
common-base amplifier Q314-Q316 through R311-R312. 
These transistors provide a low-resistance load for the A 
Trigger Channel Switch while providing a high output 
impedance to the circuits which follow. The signal at the 
collectors of Q314 and Q316 is connected to the A Hori- 
zontal unit via the Main Interface circuit. The A Horizontal 
unit provides a 50-ohm differential load for this stage. If it 
is removed from its compartment, the voltage-swing at the 
collectors of Q314-Q316 will increase substantially. 



Vertical Signal Buffer Amplifier 

The trigger output signal at pins 12 and 13 of the B 
Trigger Channel Switch is connected to the emitters of 
common-base amplifier Q334-Q336. The output signal at 
the collectors of Q334 and Q336 is connected to the Verti- 
cal Signal Amplifier (see Output Signals and Calibrator 
description) through R337 and R338. R339 provides a 
differential output resistance of about 100 ohms. 



B Trigger Output Amplifier 

The signal at pins 12 and 13 of the B Trigger Channel 
Switch is also connected to the bases of Q344 Q346 to 
provide the internal trigger signal for the B Horizontal unit 
(via the Main Interface circuit). This stage provides isolation 
between the B Horizontal unit and the Vertical Signal 
Buffer Amplifier stage. The B Horizontal unit provides a 
50-ohm differential load for this stage. If it is removed from 
its compartment, the collector load for Q344-Q346 changes 
ar>d the voltage swing at their collectors increases. The 
action of this stage prevents this change from affecting the 
Vertical Signal Buffer Amplifier stage. CR342-CR346 
clamp the collectors of Q344 ar>d Q346 at about -*-0.6 volts 




Fig. 3-24. Vertical Interface detailed blocfc diagram. 
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to prevent these transistors from saturating under this 
no-load condition. 

VERTICAL INTERFACE 

General 

The Vertical Interface circuit selects the vertical deflec- 
tion signal from the output of the Left Vertical and/or the 
Right Vertical plug-in unit. This stage also accepts an input 
from the Readout System to block the vertical signal while 
readout information is displayed on the CRT. In addition, 
this stage contains the Trace Separation Circuit to shift the 
vertical position of the B-Sweep portion of a dual-sweep 
display. Fig. 3-24 shows a detailed block diagram of the 
Vertical Interface circuit. A schematic of this circuit is 
shown on diagram 4 at the rear of this manual. 

Vertical Switching 

Transistors Q202-0206 and Q212-Q216 form differen- 
tial amplifiers which determine if the signal from the left 
vertical plug-in or the right vertical plug-in, or both, pro- 
vides the vertical deflection signal to the Vertical Amplifier. 
Transistor Q218 provides a constant voltage source of 
about —8.7 volts for the collector circuits of Q202-Q206 
and Q212-Q216. The operation of tfiis stage is controlled 
by the Vertical Mode Command, the ADD Mode signal and 
the Vertical Channel Switch OFF Command. Fig. 3-25 
^ows an input/output table for the overall Vertical Inter- 
face circuit to show the output signal for the applicable 
input conditions. 



Input / Output 
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Fig. 3-25. Input/output labia for Vartical Inlatfaea circuit. 



When the VERTICAL MODE switch is set to LEFT, the 
Vertical Mode Command is LO. This level allows the bases 
of 0202 ar>d 0212 to go negative so that these transistors 
are forward biased. The resulting positive-going change at 
the collectors of 0202 and 0212 produce different results 
for the Left and Right Vertical Preamplifier stages. The 
positive-going signal at the collector of 0212 is connected 
to the bases of the series transistors 0278-0288 in the Left 
Vertical Preamplifier stage through R212. At the same 
time, the other transistor in this differential amplifier, 
0216, is reverse biased. The negative level at its collector 
reverse biases 0279 artd the shunt diodes CR279-CR289. 
As a result, the signal from the Left Vertical plug in can 
pass to the Delay-Line Driver stage. The positive-going 
change at the collector of 0202 forward biases transistor 
0249 and shunt diodes CR249 CR259 in the Right Vertical 
Preamplifier stage. 0206 is reverse biased and the negative 
level at its collector holds the series transistors 0248-0258 
reverse biased to block the signal from the Right Vertical 
plug-in. Instead, the signal is shunted through 
CR249-CR259 and 0249 to the junction of R262-R292. 
This arrangement provides a constant DC current to the 
Delay-Line Driver stage as the VERTICAL MODE switch is 
changed by providing a signal current eidier through the 
applicable series transistors or an equivalent DC current 
through the shunt diodes via R262-R292. 



In the RIGHT position of die VERTICAL MODE 
switch, the Vertical Mode Command is HI. Now, diodes 
CR200 and CR209 are forward biased and the positive 
signal at the base of 0202-0212 reverse biases these transis- 
tors. The previous conditions are now reversed. The collec- 
tor of 0212 is negative so that series transistors 0278-0288 
are reverse biased. At the same time 0216 is forward biased 
to hold 0279 and the shunt diodes CR279-CR289 forward 
biased also. This action blocks the signal from the Left 
Vertical plug-in unit. On the Right Vertical side of the 
circuit, the negative level at the collector of 0202 reverse 
biases 0249 and shunt diodes CR249-CR259. The positive 
level at the collector of 0206 forward biases the series 
transistors 0248-0258 to allow the signal from the Right 
Vertical plug in unit to pass to the Delay-Line Driver stage. 



For either the ALT or CHOP position of the VERTICAL 
MODE switch, the Vertical Mode Command switches be- 
tween the LO and HI levels at a rate determined by either 
the Chop Counter or the Vertical Binary stages (see Logic 
Circuit description). This action allows the signal from the 
Left Vertical unit to be displayed when the Vertical Mode 
Command is LO and the signal from the Right Vertical unit 
is displayed when the Vertical Mode Command is HI. 



When ADD vertical mode operation is selected, a HI 
Vertical Mode Command level is applied to the base of 
0202 through R200. The level at the collector of 0202 
goes negative to reverse bias the Right Vertical shunt diodes 
and the positive level at the collector of 0206 forward 
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biases the series transistors to allow the Right Vertical 
signal to pass to the Delay-Line Driver stage. At the same 
time, the Vertical Mode Command level is LO as deter- 
mined by the Vertical Mode Control stage in the Logic 
Circuit. This allows Q212 to cor>duct to forward bias the 
Left Vertical series transistors; the shunt diodes are reverse 
biased by the negative level at the collector of Q216. There- 
fore, the signal from the Left Vertical plug-in unit can pass 
to the Delay-Line Driver stage. Now. the signal from both 
vertical units is algebraically added by the Delay-Line 
Driver stage and the resultant signal determines the vertical 
deflection. 



The Vertical Channel Switch OFF Command from the 
Readout System has final control over the output signal 
from this stage. Quiescently, this signal is LO and the signal 
from the selected vertical unit can pass to the Delay-Line 
Driver stage. However, when the Readout System is ready 
to display readout information, the Vertical Channel 
Switch OFF Command goes HI. Transistor Q212 is reverse 
biased through CR210 and Q206 is reverse biased through 
R208. This reverse biases the series transistors Q248-Q258 
and Q278-Q288 to block the signal from both vertical 
units. At the same time the remaining transistor in each 
differential amplifier is forward biased to shunt the vertical 
signal. Therefore, the signal from neither plug-in unit is 
displayed on the CRT and the CRT deflection is deter- 
mined by the Readout System. 



Left Vertical Preamplifier 

The vertical signal from the Left Vertical plug-in unit is 
connected to the Left Vertical Preamplifier stage by way of 
the strip lines on the Vertical Interconnect board. These 
strip lines provide an impedance of 50 ohms. The applied 
signal is amplified by transistors Q274-Q284. 
C274-C282-R274-R284 in the emitter circuit of 
Q274-Q284 provide high-frequency compensation; 
C274-R274 are variable to provide high-frequency response 
adjustment for this stage. The Left Vertical Centering 
adjustment R277 balances the quiescent DC levels at the 
output of the Left Vertical Preamplifier stage so the trace 
from the Left Vertical unit is displayed at the center of the 
CRT when the inputs to this stage are at the same potential. 
Transistors Q278-Q288 operate along with the Vertical 
Switching stage to determine if the Left Vertical signal is 
displayed on the CRT. 



Right Vertical Preamplifier 

The components in the Right Vertical Preamplifier stage 
serve the same function as the corresponding components 
in the Left Vertical Preamplifier stage. The only difference 
between the two circuits is the presence of the Ri^t Verti- 
cal Gain adjustment, R242, in this circuit. The overall gain 
of the Vertical Amplifier circuit is set when the Left Verti- 
cal signal is displayed. The right Vertical Gain adjustment 
compensates for any differences in gain between the Right 



Vertical Preamplifier stage and the Left Vertical Preampli- 
fier stage. Gain is controlled by changing the emitter 
degeneration between transistors Q244-Q254. 

Trace Separation Circuit 

The Trace Separation Circuit provides a variable posi- 
tioning voltage to offset the B Sweep display when op- 
erated in either the ALT or CHOP dual-sweep modes (hori- 
zontal). The display B Command from the Logic Circuit 
controls the operation of this stage through Q234. When 
the B Sweep is being displayed (for ALT or CHOP hori- 
zontal operation), the Display B Command is HI to forward 
bias Q234. The collector of Q234 goes negative to reverse 
bias shunt diodes CR233-CR234. Under this condition, the 
VERT TRACE SEPARATION (B) control determines the 
bias at the base of transistors Q236-Q238 through 
R230-R232 and the series diodes CR230-CR232. The out- 
put current at the collectors of Q236-Q238 is connected to 
the Delay-Line Driver stage through R261-R291 to offset 
the B Sweep display up to about four divisions above or 
below the A Sweep display. This prevents a confusing 
display when using dual-sweep operation, as the A and B 
Sweeps would be displayed on top of each other without 
this feature. 

When the Display B Command is LO (A Sweep dis- 
played). Q234 is reverse biased and the ^unt diodes 
CR233-CR234 are forward biased through R233. This 
applies 3 DC bias of about -tS.I volts to the bases of transis- 
tors Q236-Q238 to provide a quiescent DC output current 
from this stage to the Delay-Line Driver stage. Since the 
series diodes CR230-CR232 are reverse biased, the VERT 
TRACE SEPARATION |B) control is disconnected while 
the A Sweep is being displayed. 



Two other signals also control the current through this 
stage. When the HORIZONTAL MODE switch is set to B 
(only), a HI level is connected to the base of 0224 through 
CR224 and R224. This forward biases 0224 and, since 
0224-0234 ^are emitter resistor R227, transistor 0234 is 
reverse biased even though the Display B Command at its 
base is HI for this mode. Therefore, the VERT TRACE 
SEPARATION (B) control has no effect. The Vertical 
Channel Switch OFF Command from the Readout System 
is connected to the base of 0222 through R221. This signal 
is quiescently LO so that 0222 is conducting through R222 
to hold 0224 reverse biased by way of R223 (except when 
HORIZONTAL MODE switch is in B position described 
above). When the Readout System is ready to display read- 
out information, the Vertical Channel Switch OFF Com- 
mand goes HI to reverse bias 0222. The base of 0224 goes 
positive through R222-R223 and it is forward biased. Now, 
0224 controls conduction and 0234 is off to disconnect 
the VERT TRACE SEPARATION (B) control. The output 
of this stage goes to its quiescent DC level so that the 
Readout System has full control of the trace position (see 
Readout System description for more information). 
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Delay-Line Driver 

Output of the Left Vertical Preamplifier and the Right 
Vertical Preamplifier stages, along with any positioning cur- 
rent from the Trace Separation Circuit, is connected to the 
bases of Q264-Q294. This stage provides amplification for 
the selected signal as well as providing a reverse termination 
for the delay line. Diodes CR264-CR295 decrease the feed- 
back resistance for Q264-Q294 as the signal is deflected 
towards the edges of the display area. This action reduces 
the gain of dte stage to compensate for the inherent expan- 
sion characteristic of the CRT. The output signal from the 
Delay-Line Driver stage is connected to the Vertical Ampli- 
fier circuit through C266-R266 and C296-R296. 



VERTICAL AMPLIFIER 

General 

The Vertical Amplifier circuit provides the final amplifi- 
cation for the vertical signal before it is applied to the 
vertical deflection plates of the CRT. This circuit irKludes 
the delay line and an input to produce the vertical portion 
of a readout display. The BEAM FINDER switch limits the 
dynamic range of this circuit to compress an over -scanned 
display within the viewing area of the CRT. Fig. 3-26 shows 
a detailed block diagram of the Vertical Amplifier circuit. A 
schematic of this circuit is shown on diagram 5 at the rear 
of this manual. 



Delay Line 

The Delay Line DL400 provides approximately 120 
nanoseconds delay for the vertical signal to allow the hori- 
zontal circuits time to initiate a sn/eep before the vertical 



signal reaches the vertical deflection plates of die CRT. This 
allows the instrument to display the leading edge of the 
signal originating the trigger pulse when using internal trig- 
gering. The delay line used in this instrument has a charac- 
teristic impedance of about 50 ohms per side, or about 100 
ohms differentially. It is of the coaxial type which does not 
produce preshoot or phase distortion in the CRT di^lay. 

Buffer Amplifier 

The Buffer Amplifier stage Q412-Q416 provides a low 
input impedance for the Vertical Amplifier circuit to 
permit accurate delay-line termination. C401-R401 and 
C408-R408 provide the forward termination for the delay 
line. The output signal from the Buffer Amplifier stage is 
connected to the First Push-Pull Amplifier stage through 
C411-R411-VR411 and C417-R417-VR417. Zener diodes 
VR411 and VR417 limit the voltage swing across R41 1 and 
R417 to keep Q412 and 0416 out of saturation. R405 and 
the operating bias of 0412-0416 provide compensation for 
thermal distortion produced in 0470-0476. 

For readout displays, the Y-signal from the Readout 
System is connected to the emitter of 0412 through R402. 
Since the signal from the vertical units is blocked in the 
Vertical Interface circuit, the readout signal provides the 
only vertical deflection. Aldiough this signal is connected 
to the base of 0412 as a single-ended signal, it is converted 
to a push-pull signal in the following stages. 

First Push-Pull Amplifier 

0434-0442 and 0436-0444 are connected as a push- 
pull cascode amplifier stage. The network C426-L421- 
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Fig. 3-26. Vertical Ampitfter dttiiled block diagram. 
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L422 L423 R420-R421R422-R423 R424-R425 R426 pro- 
vides compensation for die delay tine. R421-R422 R423 in 
this network are adjustable to provide mid-frequency com- 
pensation. C430-R43O, connected between the emitters of 
Q434-Q436 provide high-frequency compensation adjust- 
ment for diis stage. The network CR431-CR432-RT433 
provides thermal compensation for this stage. As the tem- 
perature increases, the resistance of RT433 decreases and 
the capacitance of varactors CR431-CR432 increases. The 
output signals at the collectors of Q434-Q436 are connec- 
ted to the common-base transistors Q442-Q444 through 
C435-R435-R436 and C438-R437 R438, The low input 
resistance of the Q442-Q444 common-base transistors 
allows this stage to provide maximum high-frequency per- 
formance. The Vertical Centering adjustment R443 bal- 
ances the quiescent OC levels in the Vertical Amplifier 
circuit so the trace is displayed at the center of the CRT 
when the inputs to this circuit are at die same poten- 
tial. The output signal from the First Push-Pull Amplifier 
stage is connected to the next stage through C447-L447 
and C448-L448. Zener diode VR449 establishes a collector 
source voltage of about -6.2 volts for Q442-Q444. 

Second Push-Pull Amplifier 

The Second Push-Pull Amplifier, Q454-Q466 and 
Q456-Q468 operates in the same manner as die previous 
stage. The main difference between the stages is the com- 
pensation networks and the BEAM FINDER switch located 
in this circuit. C458-R458 in the emitter circuit of 
Q454-Q456 provides adjustable high-frequency compensa- 
tion for this stage. 



The BEAM FINDER switch S455A switches the emitter 
current source for Q4S4-Q456 to provide the beam finder 
function. Normally, the emitter current for Q454-Q456 is 
supplied through S455A-L455. However, when S45SA is 
pressed in, the current source throu^ L452 is interrupted 
and the only emitter-current source for Q454-Q456 is 
through R451. This limits die dynamic range of this stage 
by limiting its current, so the display is compressed verti- 
cally within the graticule area. The BEAM FINDER switch 
can also be pulled out to lock it in the "find" position to 
aid in locating the traces of several plug-in units. 



The signal at the collectors of Q454-Q456 is connected 
to the common-base transistors Q466-Q468 through 
C460-R460-R461-R462 and C465-R463-R464-R465. 
Transformer T466 reduces the common-mode signal com- 
ponents in the push-pull signal applied to the following 
stages. The output signal from diis stage at the collectors of 
Q466-Q468 is connected to the Output Push-Pull Amplifier 
dirough VR467-VR469 and LC networks C470-L470 and 
C471-L471. VR467-VR469 provide DC voltage matching 
without appreciable current loss. The Vertical Gain adjust- 
ment R468 sets the resistance between the bases of 
Q470-Q476 in the following stage to control the current 



gain of this stage. This adjustment sets the overall gain of 
the Vertical Amplifier stage. 

Output Push-Pull Amplifier 

Q470-Q480 and Q476-Q482 operate in die same manner 
as the previous stages to provide amplification for the verti- 
cal deflection signal. The output signal from this stage pro- 
vides the vertical deflection on the CRT. C472 and ther- 
mistor RT472 provide frequency compensation to maintain 
high-frequency response with temperature changes. Ther- 
mistor RT480 and R480 provide gain compensation with 
changes in temperature. The output signal is connected to 
the vertical deflection plates of the CRT through buffer 
transistors Q480-Q482. A distributed deflection plate 
system is used in this instrument for maximum frequency 
response and sensitivity. The output signal at the collectors 
of O480-Q482 is connected to the integral inductors in the 
CRT and then to the deflection-plate termination network 
C483-L481-L483-R483-R485 and C484-L482- 
L484-R484-R487. As the signal passes through the integral 
inductors in the CRT. its velocity is essentially the same as 
the velocity of the electron beam passing between the verti- 
cal deflection plates. This synchronism of the deflection 
signal and the electron beam reduces the loss in high- 
frequency sensitivity due to electron transit time through 
the deflection plates. Inductors L483-L484 and capacitors 
C483-C484 are adjusted to minimize signal reflections by 
providing the correct termination for the vertical deflection 
plate structure. 



HORIZONTAL INTERFACE 

General 

The Horizontal Interface circuit is made up of the X-Y 
Delay Compensation Network and the Horizontal Channel 
Switch stage. The X-Y Delay Compensation Network pro- 
vides a delay for the horizontal (X) portion of an X-Y 
display to match the delay of the vertical (Y) signal due to 
the Delay Line. The Horizontal Channel Switch portion of 
the circuit selects die horizontal deflection signal from the 
output of the A Horizontal and/or the 8 Horizontal plug-in 
unit. Fig. 3-27 shows a detailed block diagram of this cir- 
cuit. A schematic of this circuit is shown on diagram 6 at 
the rear of this manual. 



X-Y Delay Compensation 

Time-Base Operation. When the plug-in unit installed in 
the A or B horizontal compartment is operated as a stand- 
ard time-base unit to produce a horizontal sweep for deflec- 
tion of the CRT beam, the A or B Delay Compensation 
Networks are effectively disabled. The X Compensation 
Inhibit command is HI and relays K50-K60 or K70-K80 are 
not actuated. Therefore, the relay contacts remain in the 
normally closed position so the horizontal signal passes 
directly through this network to the Horizontal Channel 
Switch without delay. 
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Fig. 3-27. Horitontal Intarfaca detailed block diagram. 



X-Y Operation. If the time-base unit installed in the A 
or B horizontal compartment is operated as an amplifier or 
if a vertical unit is installed in a horizontal compartment, 
the X Compensation Inhibit command to the applicable 
Delay Compensation Network drops to the LO level (zero 
volts) . This provides an actuating level to relays K50-K60 or 
K70-K80 to connect the Delay Compensation Network into 
the circuit. For example, if the X Compensation Inhibit 
command from the A Horizontal Unit goes LO, K50 and 
K60 close to route the A Horizontal Signal through the A 
Delay Compensation Network. Diodes CR50 and CR70 
shunt the voltage produced across the relays when the 
actuating level is removed. LR networks L51-R51 and 
L61-R61 along with capacitors C53 ar>d CSS provide a con- 
stant input impedance. The LC network made up of 
C56-C58-C66-C68-LSS-LS6-L6S-L66 provides a fixed delay 
from DC to about two megahertz to provide minimum 
phase shift between the X and Y portions of the CRT 
display. CSS is adjusted to match the horizontal delay to 
the vertical delay up to at least two megahertz. 



The Delay Compensation Network normally produces 
negative preshoot distortion along with some corner 
rounding of fast step functions. The A Delay Disable switch 
S50 allows selection of a display with eitfier minimum 
phase-shift characteristics or optimum step response. When 



this switch is set to Out (down), the X Compensation 
Inhibit command from the A Horizontal Unit is discon- 
nected from relays K50-K60. Now, the signal from the A 
Horizontal Unit passes directly to the Horizontal Channel 
Switch without delay to provide a horizontal display with 
optimum step response. 

The 8 Delay Compensation Network operates in the 
same manner as described above. The X-Y Delay Compensa- 
tion Network is an optional feature. For instruments which 
are not equipped with this feature, the horizontal signals 
from the plug-in units are connected directly to the Hori- 
zontal Channel Switch stage by the Horizontal Interconnect 
board. 

Horizontal Channel Switch 

The Horizontal Channel Switch determines which input 
signal provides the horizontal signal to the Horizontal 
Amplifier circuit as controlled by the Horizontal Mode 
Signal from the Logic Circuit. Resistors R352-R3S4 and 
R356-R358 establish the input resistance of this stage and 
provide a load for the A and B Horizontal units. Resistors 
R363-R365-R367 and R373R375-R377 establish the 
operating levels for this stage. R363-R365 and R373-R375 
set the current gain for each channel. C36TR361 and 
C371-R371 provide frequency compensation. 
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Fig, 3-28, Input/output table for Horizontal Channel Switch. 



This Stage is made up primarily of integrated circuit 
U364 which is the same type as used for the Trigger 
Channei Switch stage. An input/output table for U364 is 
shown in Fig. 3-28. U364 provides a high-impedance 
differential input for the signal from the A Horizontal unit 
at pins 2 and 15 and the signal from the B Horizontal unit 
at pins 7 and 10. The output signal at pins 12 and 13 is a 
differential signal which is connected to the Horizontal 
Amplifier circuit. The sum of the DC current at pins 12 and 
13 is always equal to the sum of the DC currents at pins 1, 
8, 9 and 16 in all modes. This provides a constant DC 
output current level to the following stage as the HORI- 
ZONTAL MODE switch is changed. 



When the HORIZONTAL MODE switch is set to A, the 
level at pin 4 is LO. This level allows the signal from the A 
Horizontal unit to pass to the output while the signal from 
the 6 Horizontal unit is blocked. In the B position of the 
HORIZONTAL MODE switch, the level at pin 4 is HI. 
Now. the signal from the B Horizontal unit is connected to 
the output while the signal from the A Horizontal unit is 
blocked. 

For ALT or CHOP positions of the HORIZONTAL 
MODE switch, the Horizontal Mode Signal at pin 4 switches 
between the LO and HI levels at a rate determined by the 
Horizontal Binary stage in the Logic Circuit. This action 
allows the signals from the A Horizontal unit to be dis- 
played when the Horizontal Mode Signal is LO and the 
signal from the B Horizontal Unit is displayed vrhen the 
Horizontal Mode Signal is HI. 



The Horizontal Channel Switch Command from the 
Readout System which is applied to pin 6 has final 



control over the output signal from this stage. Quiescently, 
this signal is LO and the signal from the selected horizontal 
unit can pass to output pins 12 and 13. However, when the 
Readout System is ready to display readout information, 
the level at pin 6 goes HI. This level blocks the signal from 
both horizontal units so there is no signal output from this 
stage under this condition. 



The output signal at pins 12 and 13 is connected to the 
Horizontal Amplifier circuit through 0384 0394, Resistors 
R381-R383 ar>d R391-R393 establish the correct operating 
DC levels for U364. Buffer amplifier 0384-0394 provides a 
low load impedarKe for U364 as well as providing DC volt- 
age matching between the Horizontal Interface and Hori- 
zontal Amplifier circuits. 



HORIZONTAL AMPLIFIER 



General 

The Horizontal Amplifier circuit amplifies the push-pull 
horizontal deflection signal from the Horizontal Interface 
circuit and connects it to the horizontal deflection plates of 
the CRT. This circuit also accepts the X-signal from the 
Readout System to produce the horizontal portion of a 
readout display. Fig. 3-29 shows a detailed block diagram 
of the Horizontal Amplifier circuit. A schematic of this 
circuit is shown on diagram 7 at the rear of this manual. 



Input Amplifier 

The horizontal signal from the Horizontal Interface 
circuit is connected to the bases of 0526 and 0536. The 
Input Amplifier is driven from an equivalent 100-ohm 
source. The resistive network R521-R522-R524-R531- 
R532-RS33-RT534 between the emitters of Q526-Q536 
controls the emitter degeneration of this stage to perform 
several functions. Horizontal Gain adjustment R522 is vari- 
able to determine the amount of emitter degeneration 
between QS26-Q536 to set the overall gain of the Horizon- 
tal Amplifier circuit. Thermistor RT534 provides thermal 
gain compensation for this circuit. As the temperature 
increases, the resistance of RT534 decreases resulting in less 
emitter degeneration between Q526-Q536. Therefore, the 
overall gain of this stage increases to compensate for the 
opposite characteristic of the transistors in the Horizontal 
Amplifier circuit. 



Transistor 0514 is normally supplying current to the 
emitters of QS26-Q536 through R521-RS31. However, 
when the BEAM FINDER switch is actuated, 0514 is no 
longer forward biased so that the current supplied to 
RS21-R531 is determined only by RS1S. This results in less 
current to QS26-Q536 so their dynamic range is limited. 
When the BEAM FINDER switdt $4556 is actuated, a 
grour>d level is also connected to the Logic Circuit to pro- 
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Fig. 3-29. Horizonul Ampltfiir d*Uil*d blcefc diagram. 



vide an intensity limit. This action prevents damage to the 
CRT phosphor when ^e display is compressed. 



The Horizontal Centering adjustment R529 provides 
adjustment for differential unbalance in the Horizontal 
Amplifier circuit and the CRT. The network 
CRS28-CR538-CR544-CR554 limits the input to the next 
stages so they always operate within their dynamic range 
ar>d are not overdriven by excessive current from the Input 
Amplifier stage. Since the output signal from the Input 
Amplifier stage is a current signal, very little voltage change 
occurs across the limiting network. With horizontal deflec- 
tion signals which produce an on-screen display, CR544 ar>d 
CRS54 remain forward biased and CR528-CR538 are 
reverse biased. However, if high-amplitude horizontal 
deflection signals are applied to this circuit as a result of 
sweep magnification or high-amplitude external horizontal 
signals, either CR544 or CR554 is reverse biased, depending 
on the polarity of the overdrive signal. This results in a 
sufficient voltage change at the anode of either CR528 or 
CR538 to forward bias it. The shunt diodes provide a cur- 
rent path for the signal current to limit the current change 
at the bases of Q544-Q554 during the overdrive condition. 

For readout displays, d>e X readout signal from the 
Readout System is connected to the base of Q526 through 



R525. The signal from the A HORIZ and B HORIZ units is 
blocked in the Horizontal Interface circuit so the only hori- 
zontal deflection is provided by the Readout System . Q526 
and Q536 operate as a paraphase amplifier to convert the 
single-ended readout signal at the base of Q526 to a push- 
pull signal at the collectors of both Q526 and Q536. For 
instruments which are not equipped with a Readout Sys- 
tem, R525 is connected to ground at the chassis where the 
Readout System is normally mounted. 



Left Output Amplifier 

Transistors QS44, Q548, Q584, Q582, and Q564 are 
connected as a current-driven feedback amplifer. The input 
current is converted to a voltage output signal to drive the 
left horizontal deflection plate of the CRT. Input transistor 
QS44, an NPN transistor, resportds best to positive-going 
input signals. The signal at the collector of Q544 is con- 
nected to the emitters of output transistors Q&82-Q584 
through two parallel paths. High-frequency signals are con- 
nected through capacitor C544. Low-frequency signals are 
connected to the output transistors through 
R544-Q548-R&49. The output transistors Q582 and Q584 
are connected in the complementary configuration to p>'o- 
vide less resistive loading at the output. The output signal at 
the collector of Q582-Q584 is connected to the left deflec- 
tion plate of the CRT through L589-R589. 
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Negative DC feedback is provided from the collectors of 
Q582-Q584 to the base of Q544 through feedback network 
R569-Q564-R563. Emitter follower QS64 in the feedback 
network provides current gain for the feedback signal. With 
this configuration, the input impedance of the Left Output 
Amplifier is low since the feedback network beyond the 
emitter followers is effectively reduced in impedance as far 
as the input signal is concerned. Variable capacitor C569 
adjusts the transient response of the feedback network to 
provide good linearity at fast sweep rates. C568-R568 pro- 
vide adjustment for correct high-frequency gain versus 
frequency response in the amplifer. 



Right Output Amplifier 

Basic operation of the Right Output Amplifier stage is 
the same as just described for the Left Output Amplifier 
stage. Notice that the input transistor in this stage is com- 
plementary to the corresponding transistor in the Left Out- 
put Amplifier stage. Therefore, this stage provides the best 
response to negative-going input signals. CS79 provides 
linearity adjustment for the Right Output Amplifier at fast 
sweep rates. The output signal at the collectors of 
Q592-Q594 is connected to the right deflection plate of the 
CRT through L599-R599. 

Thermal Balance Network 

Q562 provides thermal balance for the Horizontal 
Amplifier circuit. The Thermal Balance adjustment R571 
sets the bias on 0562 and thereby determines the operating 
voltage for Q544-Q554. This adjustment provides DC shift 
in the CRT display and reduces low-frequency signal cross 
talk. Diode CR562 provides reverse-voltage breakdown pro- 
tection for Q562 when the instrument is first turned on. 
Diodes CR560 and CR570 establish the operatirtg bias for 
Q544-Q564. 



OUTPUT SIGNALS AND CALIBRATOR 
General 

The Output Signals and Calibrator circuit provides out- 
put signals to the connectors located in the OUTPUTS 
section of the front panel. These output signals are either 
generated within this instrument or are samples of signals 
from the associated plug-in units. Fig. 3-30 shows a detailed 
block diagram of the Output Signals and Calibrator circuit. 
A schematic of this circuit is shown on diagram 8 at die 
rear of this manual. 



Vertical Signal Amplifier 

The vertical signal selected by the 8 Trigger Channel 
Switch (see Trigger Selector description for more informa- 
tion) is connected to the bases of differential amplifier 
Q684-Q694. Resistors R681-R692 establish an input resis- 



tance of about 50 ohms for this stage. The amplified signal 
at the collectors of Q684 and 0694 is connected to buffer 
amplifier Q686-Q696 through RC networks C686-R686 
and C695-R69S. These networks provide thermal balance 
for this stage. The single-ended signal at the collector of 
0686 is connected to the front-panel SIG OUT connector 
J699. The signal at the collector of 0696 is connected to 
ground. CR696 and CR699 protect this stage if high-level 
voltages are accidentally applied to the SIG OUT connec- 
tor. CR696 provides protection from positive voltages and 
CR699 provides protection from negative voltages. 

Sawtooth Amplifier 

The sawtooth signals from the A Time-Base unit and the 
B Time-Base unit are both connected to the Sawtooth 
Amplifier stage through series resistors R32 and R34 
respectively (on Main Interface board). The Sweep switch 
S666 (located on Output Signals board) determines which 
sawtooth signal provides the output signal. The other saw- 
tooth signal is terminated by R667 to provide a similar load 
to the signal source. Transistors Q670, Q672 and Q675 
comprise an inverting feedback amplifier. Gain of diis stage 
is about two as determined by the ratio of feedback resistor 
R678 to the input resistance made up of R669 and either 
R32 or R34, depending on whi<^ sawtooth source is 
selected. The signal at the collector of Q675 is connected to 
the front-panel * SAWTOOTH connector J679 through 
R679. RC network C675-R675 provides frequency re- 
sponse stabilization for this stage. Diode CR674 provides 
protection from high-level positive voltages inadvertently 
connected to the output connector by providing a current 
path to the -H5-volt supply through the collector-base junc- 
tion of Q675. When CR674 is forward biased it clamps the 
base of Q675 at this level. CR676 provides protection from 
high-level negative voltages at the SAWTOOTH connector 
by clampirtg the output if it attempts to go more negative 
than about —15.6 volts. 



Gate Amplifier 

The output signal at the front-panel * GATE connector 
J618 is selected from three input gate signals by Gate 
switch S607 (located on Output Signals board). In the A 
position, the A Gate signal from the A Time-Base unit is 
connected to the base of emitter-follower 0607 through 
R607. The base of 0608 is connected to ground by S607 in 
this position so it operates as a common-base stage. 0607 
provides a high input impedance for the stage while the 
eminer coupling between 0607-0608 provides temperature 
compensation. Operation is the same in the B position of 
S607 except that the B Gate signal from the B Time-Base 
unit provides the input signal. In the Dly'd position. S607 
connects the base of 0607 to ground through R607 and 
disconnects both the A and B Gate signals. Now. the 
Delayed Gate signal from the delaying time base (in A 
HORIZ compartment) can pass to the base of 0608 
throu^ R602. 0608 inverts this negative-going input signal 
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so the gate output signals at the + GATE connector are all 
positive going. 

The input gate signal selected by S607 is connected to 
the emitter of Q615 through C612-R612. Diode CR614 
provides temperature compensation of Q615. The signal at 
the collector of Q616 is connected to the + GATE connec- 
tor through CR616 and R617. CR615 protects Q615 if a 
high-level positive voltage is applied to the GATE connec- 



tor and CR616 damps the output at about -0.6 volt if a 
negative signal is applied to this connector. 



B Gate Amplifier 

The B Gate signal from the B Time-Base unit is con- 
nected to the base of Q610 throu^ R610. Q610 amplifies 
and inverts the B Gate signal to provide a negative-going 
gate signal to the Calibrator circuit for 8 GATE operation 
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of the Calibrator. Q61 1 provides temperature compensation 
for this stage. 



Calibrator 

General. The Calibrator circuit provides a 40 milli- 
ampere current output at the front-panel current loop and a 
voltage output in calibrated steps from four millivolts to 40 
volts at the front-panel CAL connector. Mode and repeti- 
tion rate of the output signal are selected by the calibrator 
RATE switdi and the output voltage amplitude is selected 
by the CALIBRATOR switch. 



2-kHz Oscillator. Q624 and Q626 are connected as a 
two-kilohertz, square-wave oscillator to provide the drive 
signal for the Calibrator Countdown stage (one-kilohertz 
output rate only). Oscillation occurs as follows: Assume 
that Q624 is conducting and Q626 is off. The collector 
current of Q624 through R624-R625 produces a voltage 
level which holds the base of Q626 low. This keeps 0626 
turned off and since there is no current through it, its col- 
lector goes positive to produce the positive portion of the 
square wave. At the same time, C621 begins to charge 
toward —50 volts through R627. The emitter of 0626 goes 
negative also as C621 charges until it reaches a level about 
0.6 volt more negative than the level at its base. Then, 
Q626 is forward biased and its emitter rapidly rises positive. 
Since C621 cannot change its charge instantaneously, the 
sudden change in voltage at the emitter of Q626 pulls the 
emitter of 0624 positive also to reverse bias it. The current 
through 0626 produces a voltage drop at its collector to 
produce the negative portion of the square wave. 



Now, conditions are reversed. Since Q624 is reverse 
biased, there is no current through it. Therefore, C621 can 
begin to discharge through R621 . The eminer level of 0624 
follows the discharge of C621 until it reaches about -0.6 
volt. Then, Q624 is forward biased and its collector drops 
negative to reverse bias Q626. This interrupts the current 
through 0626 and its collector goes positive again to com- 
plete the square wave. Once again, C621 begins to charge 
through R627 to start the second cycle. The signal pro- 
duced at the collector of Q626 is a two-kilohertz square 
wave. C628 differentiates this signal to produce positive- 
and negative-going output pulses, coincident with the rise 
and fall of the square wave, which provides negative-going 
trigger pulses for the Calibrator Countdown stage (positive 
going pulses have no effect on circuit operation). The 1 kHz 
adjustment, R625, sets this stage so an accurate one 
kilohertz square-wave is produced at the output of the Cali- 
brator circuit. 



Calibrator Countdown. Integrated circuit U632 is a trig- 
gered set-clear (J-K) flip-flop. An input/output table for diis 
device is shown in Fig. 3-31. The calibrator RATE switch 
S630 determines the operating mode of U632 and also 
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Fig. 3-31. Input/output t*bl« fOf U632. 



selects the source of its trigger signal. S630 is a cam-type 
switch; a contact-closure chart showing its operation is 
given on diagram 8. The dots on this chart indicate when 
the associated contact is closed. For the DC (current only) 
positions (contacts on diagram shown in this position), a 
LO level is applied to the 'J' input (pin 3) and a HI level is 
applied to the 'K' input (pin 1). The next negative-going 
trigger from the 2-kHz Oscillator stage switches the output 
at pin 7 to its HI level (see input/output table). The output 
at pin 7 remains at the HI level as long as the RATE switch 
remains in this position. 



For the 1 kHz position, all contacts except S are closed. 
This places a LO level at both the 'J' and 'K' inputs so that 
pin 7 changes output levels with each negative-going trigger 
from the 2-kHz Oscillator stage. This results in a one- 
kiiohertz square-wave output signal at pin 7. The 'J' and 'K' 
inputs are also held LO in the B GATE -r2 position of S630 
so that U632 changes output levels with each negative-going 
pulse at its trigger input. However, the signal from the 
2-kHz Oscillator is disconnected and the B-Gate signal pro- 
vides the trigger to pin 2 resulting in an output square wave 
with a repetition rate which is one-half the 6 Gate repeti- 
tion rate. For DC (volts only) operation, the 'K' input is 
held LO and the 'J' input is held HI. The negative-going 
trigger pulse, furnished by the 2-kHz Oscillator stage, 
switches the level at pin 7 to LO where it remains until the 
RATE switch is changed. 



Output Amplifier. Transistors Q642 and 0644 are con- 
nected as a comparator with the reference level at the bass 
of Q644 determined by network R638-R647-R648-R649- 
Q646. This network establishes a voltage level at the base of 
0644 which results in 8.88 milliamperes collector current 
through 0644 when it is on. The 0.4 V adjustment R649 is 
set in the 0.4 V position of the CALIBRATOR switch to 
provide accurate calibrator output voltages at the CAL con- 
nector J650. Resistors R640-R641 and R642 form a cur- 
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rent divider to determine the current through the front- 
panel 40 mA current loop L642 when 0642 is conducting. 
The 40 mA adjustment R640 is set so ei^t milliamperes 
flows through R642 and the current loop. The current loop 
is a five-turn current transformer, so the effective current 
applied to a current probe is 40 milliamperes. 



The output of the Calibrator Countdown stage is con- 
nected to the base of Q634 through R634. Q634 acts as a 
switch to control the current through Q636, and the output 
of Q636 controls the conduction of comparator 
Q642-Q644. When DC (current only) operation is selected 
by the calibrator RATE switch, a HI level is applied to the 
base of Q634 and it is forward biased. This allows current 
to flow through Q636 and die resultant voltage drop across 
R636 forward biases Q642. The collector current of Q642 
produces an equivalent 40 milliampere DC current (eight 
milliamperes through five turns) in the probe loop. At the 
same time, Q644 is off and there is no current through the 
Output Voltage Divider so there is no output at the CAL 
connector. Conditions are reversed for DC (volts only) 
operation. A LO level is applied to 0634 to cut it off. 
Therefore, there is no current through 0636 and the base 
of 0642 rises positive to cut it off also. Now, the collector 
current of 0644 produces a voltage drop across the Output 
Voltage Divider to provide a DC voltage output at the CAL 
connector. Since 0642 is off, there is no current through 
the current loop under this condition. 



For the 1 kHz and B GATE -r2 portions, the base of 
0634 varies between the LO and HI levels at the rate 
selected by the calibrator RATE switch. When the base of 
0634 is LO, 0642 is off and 0644 is conducting. This 
produces an output voltage at the CAL connector but no 
current through the current loop as for DC (volts only) 
operation. When the level at the base of 0634 is switched 
to HI, 0644 conducts and 0646 is reverse biased. Now, 
current flows through the current loop and the voltage level 
at the CAL connector drops to zero as for DC (current 
only) operation. Notice that the current and voltage output 
of the calibrator are out of phase; the current through the 
current loop is at maximum when the voltage output at the 
CAL connector is minimum, and vice versa. 



Output Voltage Divider. The collector current of 0644 
in the Output Amplifier stage is applied across the voltage 
divider made up of resistors R652 through R659. This 
divider is designed to provide a low output resistance in all 
positions except 40 V while allowing selection of output 
voltages between 4 mV and 40 V. The output resistance in 
the 40 V position is about 15 kilohms as determined by 
R651 and the equivalent resistance of divider network 
R652-R659. This means diat a 1.5 megohm load will pro- 
duce about 1% error in output voltage; error increases as 
the load resistance decreases. The CALIBRATOR switch 
S655 selects the output from the divider to provide the 
output voltages listed on the front panel (into high- 



impedance load). The values shown in brackets indicate the 
output resistance into a 50-ohm load (notice that 40 V 
position lists no output into 50 ohms and should not be 
used in this manner). S655 is a cam-type switch and the 
dots on the contact-closure chart (see diagram 8) indicate 
when the associated contact is closed. 



CRT CIRCUIT 

General 

The CRT Circuit produces the high-voltage potentials 
and provides the control circuits necessary for the oper- 
ation of the cathode-ray tube (CRT). This circuit also in- 
cludes the Z-Axis Amplifier stage to set the intensity of the 
CRT display. Fig. 3-32 shows a detailed block diagram of 
the CRT Circuit. A schematic of this circuit is shown on 
diagram 9 at the rear of this manual. 

Z-Axis Amplifier 

General. The Z-Axis Amplifier stage is a current driven, 
shunt-feedback anplifier with a voltage output. The output 
voltage provides the drive signal to control the CRT inten- 
sity level through the Control-Grid Supply. Details of oper- 
ation for the individual stages within this circuit follow. 



Turn-On Delay. Transistors Q706, Q708, and Q712 pro- 
vide a delay for the CRT Circuit to prevent it from coming 
into operation until the other circuits within the instrument 
have reached operating levels. When the instrument is 
turned on, C711 begins to charge through 
R71 1-R709-R712. However, since C711 is completely dis- 
charged when the instrument is turned on, the base of 
Q712 is at —15 volts. As C711 charges, it pulls the base of 
Q712 positive and its emitter follows. C711 continues to 
charge until the emitter level of Q712 reaches about -rSO 
volts (Q712 saturated). The emitter voltage of Q712 sup- 
plies the positive voltage for the feedback divider in the 
High-Voltage Regulator stage. The delay provided by the 
charging of C711 prevents CRT beam current for about 
four seconds. This protects the CRT phosphor from damage 
due to a high-intensity display as the instrument is first 
turned on. 



The current flow dirough R709 as C711 charges also 
forward biases transistor Q708. This holds Q706 reverse 
biased so that it is not supplying current to Input Amplifier 
Q704. The result of this reduction in current to Q704 is 
that the Z-Axis Amplifier output remains at its low level 
regardless of the input from either the Z-Axis Logic stage or 
the Readout System. When C711 reaches full charge, the 
current flow through R709 ceases and Q708 is reverse 
biased. 0706 is now forward biased and it supplies about 
four milliamperes of bias current to 0704. Diode CR708 
protects 0708 as C711 discharges when the instrument is 
turned off. 
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Input Amplifier. Transistor Q704 is a common-base 
amplifier to establish a low input impedance for the Z-Axis 
Amplifier. The operating bias of Q704 is established by 
Q706 as described in the previous paragraph. The output 
level of this stage is determined by the input current from 
either of Two circuits. For normal operation, the Z-Axis 
Signal from the Logic Circuit sets the input current as 
determined by the front-panel A and B INTENSITY con- 
trols, the chopped blanking logic, or an external signal con- 
nected to either of the rear -panel Z-Axis inputs (see Logic 
Circuit description for details). For readout displays, the 
Z-Axis Signal is blocked in the Logic Circuit. Now. the 
input current is provided from the Readout System as 
determined by the READOUT intensity control on the 
front panel. 

Output Amplifier. The output stage is a shunt-feedback 
operational amplifier with feedback connected from the 
output to the input through C732-R732. The output volt- 
age is determined by the input current multiplied by d^e 
feedback resistor and is expressed by the formula: Eout ' 
lin X Rft} where R732 is Rft>. The signal current change at 
the base of 0704 for maximum intensity is about four 
milliamperes. The maximum output voltage change is set 
for 64 volts (about 4 mA X 15.4 k^2). AC feedback is 
provided from the ouQiut to the base of Q718 by C732. 
This capacitor is adjusted for optimum step response to 
provide a fast-rise unblanking gate output signal with mini- 



mum overshoot or ringing. Otherwise, the CRT display 
would vary in intensity level following sudden changes in 
blanking. 

The signal from the Input Amplifier stage is amplified by 
Q718-Q724. Variable resistor R719 in the collector circuit 
of 0718 provides transient response adjustment for this 
stage. The signal at the collector of 0724 is connected to 
dte base of transistor 0732 through C730 and to the base 
of 0734 through R722-C723-R723. These transistors are 
connected as a collector <oupled complementary amplifier 
to provide a linear, fast output signal while consuming mini- 
mum quiescent power. 0734 maintains the low-frequency 
response of the input signal and provides a fast falling edge 
on the output signal. Only the fa$t<hanging portions of the 
input signal are coupled to the base of 0732 through C730. 
Since 0732 is a PNP-type transistor, it responds faster to 
negative-going changes at its base than to positive-going 
changes. This action provides a fast rising edge on the out- 
put sigr^al (fast falling edge provided by 0734, an NPN -type 
transistor). The signal at the collectors of 0732-0734 is 
connected to the Control Grid Supply stage through 
R735-R736. 

Diodes CR718, CR734 ar>d CR735 provide protection 
for the Z-Axis Amplifier circuit. CR735 protects this stage 
from damage due to high-voltage surges connected back 
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into this circuit from the high-voltage supply- CR734 pro- 
tects Q734 by clamping its base at -0.6 volt if Q724 fails 
or is removed from its socket while the instrument is on. 
CR718 protects Q716 against excess reverse base-emitter 
voltage. 

High-Voltage Oscillator 

Unregulated voltage for operation of the high-voltage 
supply is provided from the semi-regulated -<-15 volts in the 
Low-Voltage Regulator circuit. The startirtg bias current for 
the High-Voltage Oscillator is supplied from the positive 
side of the -<-15 volt input through R759. As the High- 
Voltage Oscillator begins to operate, the emitter of Q758 
goes negative and further bias current is available through 
CR759 from the negative side of the semi-regulated -<-15 
volts. This configuration provides a controlled starting cur- 
rent for the High-Voltage Oscillator at turn-on and at the 
same time allows the High-Voltage Regulator stage to con- 
trol the current of the High-Voltage Oscillator to regulate 
the output level after the stage reaches operating potential. 



Q764-Q766 and the associated circuitry comprise the 
High-Voltage Oscillator to drive the high-voltage trans- 
former T764. When the instrument is turned on. startirtg 
current is supplied to the bases of both 0764 and 0766. 
Both transistors are forward biased, and they both attempt 
to come into conduction. However, since the trartsistors 
wiil not have identical characteristics (even though they are 
of the same type}, one transistor conducts more heavily 
than the other. For purposes of this explanation, assume 
that 0764 conducts more heavily. The collector current of 
0764 produces a corresporKfing current increase in the 
base-feedback winding of T764 to further increase the bias 
on 0764. At the same time, the voltage developed across 
the base-feedback winding conr>ected to 0766 reverse 
biases it. As long as the collector current of 0764 continues 
to increase, a voltage is induced into the base-feedback 
windings of T764 which holds 0764 forward biased. How- 
ever. when the collector current of 0764 stabilizes, the 
magnetic fieid built up in T764 begins to collapse. This 
induces an opposite current into the base windings which 
reverse biases 0764, but forward biases 0766. When the 
induced voltage at the base of 0766 exceeds the bias set by 
0756, 0766 is forward biased and the amplified current at 
its collector adds to the current flowing through T764 due 
to the collapsing field. Then as the current through T764 
stabilizes again, the magnetic field around it once more 
begins to collapse. This induces a voltage into the base 
windings which forward biases 0764 and reverse biases 
0766 to start another cycle. 

The signal produced across the primary of T764 is a sine 
wave at a frequency of 35 to 45 kilohertz. C764-L764 
shape the signal in the primary of T764 to improve regula- 
tion of the high-voltage supply, The amplitude of the oscil- 
lations in the primary of T764 is controlled by the High- 
Voltage Regulator stage to set the total accelerating poten- 



tial for the CRT. Filter network C762-L762 decouples high 
peak operating currents from the -<^15-Volt Supply. 



High-Voltage Regulator 

A sample of the secondary voltage from T764 is con- 
nected to the High-Voltage Regulator stage through divider 
R740-R741-R742. Q752 ar>d Q756 are connected as an 
error anplifier to sense any charrge in the voltage level at 
the base of Q752. The -15-Volt Supply, connected to the 
emitter of 0752 through R753-R755, and the -<-50 volts 
connected to R740 from the emitter of 0712 provide the 
reference level for diis stage. High Voltage adjustment 
R743 sets the quiescent level at the base of 0752 to a level 
which establishes a —2.96 kV operating potential at the 
CRT cathode. CR747 protects 0752 from excessive reverse 
emitter-base voltage. 



Regulation occurs as follows: If the ou^ut voltage at 
the -2960 V test points starts to go positive (less negative) , 
a sample of this positive-going change is connected to the 
base of 0752. Both 0752 and 0756 are forward biased by 
this positive change which in turn increases the conduction 
of 0758. This results in a greater bias current delivered to 
the bases of 0764-0766 through 0758. Now, the bases of 
both 0764 and 0766 are biased closer to their conduction 
level so that the feedback voltage induced into their base- 
feedback windings produces a larger collector current. This 
results in a larger induced voltage in the secondary of T764 
to produce a more negative level at the —2960 V test point 
to correct the original error. In a simitar manner, the circuit 
compensates for output changes in a negative direction. 
Since the amplitude of the voltage induced into the second- 
ary of T764 also determines the output level of the positive 
High-Voltage Supply and the Control-Grid Supply, the total 
high voltage output is regulated by sampling the output of 
the negative Hi^-Voltage Supply. 



High-Voltage Supplies 

The high-voltage transformer T764 has three output 
windings. One winding provides filament voltage for the 
cathode-ray tube. Two high-voltage wir<dings provide the 
negative and positive accelerating potential for the CRT and 
provide the bias voltage for the control grid. All of these 
outputs are regulated by the High-Voltage Regulator stage 
to maintain a constant output voltage as previously des- 
cribed. 

Positive accelerating potential for the CRT anode 
is supplied by voltage quintuplet C782-C783-C784-C785- 
C786-CR782-CR783-CR784 CR785 CR786. This rectified 
voltage is filtered by C787-R786-R787 to provide an 
output of about -<21 kilovolts. All of these compo- 
nents are included in an encapsulated assembly. The neg- 
ative accelerating potential for the CRT cathode is also ob- 
tained from the same secondary winding. Half-wave recti- 
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fier CR781 provides an output voltage of about —2.96 kilo- 
volts which is connected to the CRT cathode through L781 
and L788. The cathode and filament are connected to- 
gether through L788 to prevent cathode-to-filament break- 
down due to a large difference in potential between these 
CRT elements. Neon bulbs OS761 and OS785 protect L78t 
and L788 if the CRT cathode is shorted to chassis ground. 
Diode CR780 artd neon bulb DS780 protect the -t-SO-Volt 
Supply from damage under this condition. A sample of the 
negative accelerating voltage is connected to the High- 
Voltage Regulator stage to maintain a regulated high- 
voltage output. 

Half-wave rectifier CR772 provides a negative voltage for 
the control grid of the CRT. Output level of this supply is 
set by the CRT Grid Bias adjustment R739. Rectifier 
CR771 provides rectified low-potential voltage to R739 so 
that it can perform its function without being enclosed in 
the high-voltage compartment. Neon bulbs 
DS786-DS787-DS788 protect the CRT by limiting the volt- 
age difference between the cathode and control grid to a 
maximum of about 165 volts. The unblanking gate from 
the Z-Axis Amplifier circuit is connected to the positive 
side of this circuit. As the unblanking gate ievel changes, it 
shifts the overall supply ievel to change the bias on the CRT 
to control the intensity of the display. 



High speed intensity modulating signals from the rear 
panel Z Axis Inputs are applied to the CRT cathode 
through C790-C791-R788. This signal changes the CRT 
bias, and thereby the intensity of the dispiay, by changing 
the level of the cathode. RC divider C1056-C1057-R1056- 
R1057 provides a cross-over network between the HIGH 
SPEED and HIGH SENSITIVITY inputs. The HIGH SEN- 
SITIVITY connector provides an input for low-frequency, 
low-amplitude intensity modulating signals. This signal is 
connected to the Z Axis Logic stage through R1060 (see 
Logic Circuit description for further information). 



CRT Control Circuits 

Focus of the CRT display is determined by the FOCUS 
control R785. This control is part of divider 
R782-R783-R78S-R744-VR786 between the negative hi^- 
voltage supply and ground. Therefore, the voltage applied 
to the focus grid is more positive (less negative) than the 
voltage on either the control grid or cathode. The ASTiG 
adjustment R793, which is used in conjunction with the 
FOCUS controi to obtain a well-defined display, varies the 
positive level on the astigmatism grid. Geom adjustment 
R792 varies the positive level on the horizontal deflection 
plate shield to control the overall geometry of the display. 



Two adjustments control the trace alignment by varying 
the magnetic field around the CRT. Y Axis adjustment 



R795 controls the current through L795 which affects the 
CRT beam after vertical deflection but before horizontal 
deflection. Therefore, it affects only the vertical (Y) com- 
ponents of the display. The TRACE ROTATION adjust- 
ment R790 controls the current through L790 and affects 
both the vertical and horizontal rotation of the beam. 



LINE TO DC CONVERTER/REGULATOR 
General 

The Line to DC Converter/Regulator circuit provides the 
operatirtg power for this instrument from an AC line volt- 
age source. This circuit also includes the Line Selector 
assembly to allow selection of the nominal operating volt- 
age for die instrument. Figure 3-33 shows a detailed block 
diagram of the Line to DC Converter/Regulator circuit. A 
schematic of this circuit is shown on diagram 10 at the rear 
of diis manual. 

Line Input 

Power is applied to this circuit through Line fuse F800, 
EMI (electromagnetic interference) filter FL801, POWER 
switch S800 and thermal cutout S801. The EMI filter is 
made up of C800-C801-C303-L800-L801-T800. This filter 
is designed primarily to filter out the 25 kilohertz interfer- 
ence originating within this circuit. L800-L801 provide dif- 
ferential and common-mode inductance; T800 provides 
additional common-mode inductance. C803 along with the 
differential inductance of L800-L801 provides differential 
EMI filtering. R803 provides differential resonance damp- 
ing for C803-L800-L801. R804 provides a discharge path 
for C803 when the POWER switch is turned off. Common- 
mode EMI filtering is provided by C800-C801 along with 
the common-mode inductance of T800. R801 provides 
common-mode resonance damping for C800-C801-T800. 

Thermal cutout S801 provides thermal protection for 
this instrument. If the internal temperature of the instru- 
ment exceeds a safe operating level, S801 opens to inter- 
rupt the applied power. When the temperature returns to a 
safe level. S801 automatically closes to re-apply the power. 

The Line Selector switch S810 allows this instrument to 
operate from either a 115-volt nominal line or a 230-volt 
nominal line. In the 115 V position, rectifier CR810 oper- 
ates as a full-wave doubler along with capacitors 
C813-C814. For 230 V operation, S810 connects rectifier 
CR810 in the bridge configuration. Under this condition, 
C813-C814 operate as series energy-storage capacitors. With 
this configuration, the output voltage from the Line Input 
stage to the Inverter stage is about the same for either 
1 1 5-volt or 230-volt operation. 



C810-L810 and C811-L81 1 form a 25 kilohertz filter to 
provide further EMI filtering. Thermistors RT810 and 
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Fig. 3-33. Datailad block diagram of Lina to DC Convartar/Ragulalor circuit. 



RT811 limit the surge current demanded by the power 
supply when it is first turned on. After the instrument is 
in operation, the resistance of the thermistors drops so that 
they have little power loss and have little effect on the 
operation of this stage. The stored charge on C813 and 
C814 limits the surge current if the POWER switch is 
quickly turned off and back to ON after the resistance of 
the thermistors has dropped to their low value. The dis- 
charge of capacitors C813-C814 Is controlled by R813, and 
it is so designed that the discharge time constant of 
C813-C814-R813 is about equal to the thermal time con- 
stant of RT810-RT811. This arrangement provides surge- 
current limiting for the Line Input stage at all times. Since 
C813-C814 discharge slowly, dangerous potentials can exist 
across these capacitors for several minutes after the POWER 
switch is turned off. C812-DS812-R812 form a relaxation 
oscillator to indicate the presence of voltage across 
C813-C814. Neon bulb DS812 wilt blink until the potential 
across these capacitors drops to about 100 volts. 

The rectified output voltage from this stage is connected 
to the Inverter stage thorugh Inverter fuse F810. This fuse 
protects the Inverter stage if it demands too much current 
due to a malfunction. 

DS805 and DS806 are surge voltage protectors. When 
die Line Selector switch is in the 115 V position, only 



DS605 is connected across the line input. If a peak voltage 
surge in excess of about 230 volts is present on the line. 
DS805 will break down and demand hi^ current. This ex- 
cess current will quickly open Line fuse F800 to interrupt 
the input power before the circuit can be damaged. In the 
230 V position. DS805 and OS806 are connected in series 
across the line input to provide surge voltage protection for 
peak voltage surges in excess of 460 volts. 



Transformer T805 provides a sample of the line voltage 
to the plug-in connectors in the Main Interface circuit for 
internal triggering at line frequencies or for other applica- 
tions. In the 1 15 V position of S810, the line input voltage 
is connected across the primary of T805 and R805. For the 
230 V position, the line voltage is connected across the 
primary of T805 and R805-R806 in series. This arrange- 
ment provides an output voltage of about one volt RMS for 
either nominal line voltage. The line trigger signal is also 
connected to the Stop Circuit to provide an indication of 
the presence of line voltage at the input to this circuit. 



Start Network 

Rectified DC power for the Inverter stage is supplied 
through EMI filter C820-C82 1 C822 T820. 
C820-C822-T820 provide common-mode filtering and C821 
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provides differentiai filtering. Resistors R820 and R821 
provide common mode and differential resonance damping 
re^ectively. The positive input voltage is connected di- 
rectly to the power transformer T870. The negative input 
voltage provides the negative reference for the Inverter 
stage; the negative voltage to the power transformer is 
determined by the Inverter stage. 



The input line voltage to this instrument is connected 
across divider R823-R824. This voltage charges C824 on 
each half cycle. Trigger diode CR830 conducts when the 
charge on C824 reaches about 32 volts to provide a turn-on 
trigger current to transistor Q83S through C835. This cur- 
rent allows the Inverter stage to start operation. After the 
Inverter stage is operating, the recurrent waveform at the 
collector of Q835 keeps C824 discharged through CR831. 

Inverter 

A simplified schematic of the Inverter stage is shown in 
Fig. 3-34. After the circuit has been placed into operation 
by the start circuit, the LC circuit C1-L1 oscillates at its 
resonant frequency. The resulting current through the or>e- 
turn winding of T1 induces a bias current into the base 
circuit of either Q1 or Q2, depending on the polarity. The 
1:4 turns ratio of T1 results in a current in the transistor 
base circuits which is one-fourth the current in the one-turn 
feedback winding. Since the current in the feedback 
winding must flow through the conducting transistor, the 
transistors operate at a forced beta of four. A sir>e-wave 
current is produced across the primary of power trans- 
former T2; the voltage is a square wave with a peak-to-peak 
amplitude equal to the input OC voltage. The voltage 
induced into the secondary of T2 is rectified by diodes CR1 



and CR2, filtered by capacitor C2 and applied across load 
R2. 

Refer to the complete Line to DC Converter/Regulator 
diagram. The LC circuit is made up of C870 and L870. 
After the circuit has been started by the Start Network as 
discussed previously, C870-L870 resonate at a frequency of 
25 kilohertz. The feedback to the base circuits of 
Q825-Q835 through T825 alternately turns 0825 and 
0835 on. These transistors operate at a forced beta of four 
due to the turns ratio of T825, and their output current 
sustains resonance in C870-L870. The 60-turn center- 
tapped windir>g of T825 is used to delay die turn-on of 
0825 or 0835 to provide pre-regulation of the voltage in 
the primary of T870. This operation will be discussed in 
more detail under Pre-Regulator. 

Diodes CR828 and CR838 provide reverse conduction 
paths across 0825 and 0835 respectively, when these tran- 
sistors are held off for pre-regulation purposes. Inductors 
L826-L836 minimize turn-on losses in the transistors by 
reducing the voltage on 0625-0835 during their turn-on 
interval. CR826-R826 and CR836-R836 protect 0825 or 
0835 from excessive voltage due to stored energy in the 
associated inductors when the transistors are turned off. 
Diodes CR825 and CR835 aid in the turn off of the asso- 
ciated transistors by connecting the collector potential back 
to the base of each transistor. This feedback does not turn 
the transistor off but removes the excess base current to 
reduce the turn-off time when die current from feedback 
transformer T825 reverses. The networks C825-R825 and 
C835-R835 develop voltage biases in response to the aver- 
age base currents of Q825 and Q835 vdiich help to hold 
0825 and Q835 in cutoff during their respective off inter- 
vals. 
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Trigger Amplifier 

The primary current of power transformer T870 also 
flows through the one-turn primary winding of T839. The 
voltage induced into the secondary of T839 is differen- 
tiated by C855-R855 and C856-R8S6 and connected to the 
bases of Q855 and 0886. Notice that the differentiated 
signal at the bases of these transistors is opposite in polarity 
and this polarity changes on each half-cycle of the induced 
voltage. Therefore, on each half-cycle the transistor which 
receives a positive-going pulse at its base is momentarily for- 
ward biased. This results in a negative-going pulse at the 
collector of one of the transistors which is connected to the 
Pre-Regulator multivibrator. 



CR8S7 and CR858 rectify the voltage in the secondary 
of T839. Under normal conditions, the rectified voltage 
developed across C858-R858 is not sufficient to forward 
bias CR859. However, if excess current is demanded from 
the Inverter stage, the current drrough the primary of T839 
increases to result in a larger current in its secondary. This 
results in a larger voltage drop across R858 artd, when it is 
sufficient to forward bias CR859, Q860 in the Regulator 
Amplifier circuit is turned on to limit the output current of 
the Inverter stage. 



Feedback Rectifier 

Diodes CR840 ai>d CR841 form a center-tapped full- 
wave rectifier. The rectified output of these diodes is fil- 
tered by C840-R840 to provide a feedback voltage of about 
-*-16 volts to the Pre-Regulator stage. The exact output level 
depends upon the voltage applied to transformer T870. 
This feedback is used to provide pre-regulation of the out- 
put voltages of T870. 

Pre-Regulator 

Q853 and Q863 form a monostable multivibrator. The 
circuit conditions are such that Q863 is the conductirrg 
transistor in the stable state. When a negative-going trigger 
pulse is received from the Trigger Amplifier stage, Q863 
turns off and Q853 turns on. The amount of time that 
Q8S3 remains in conduction is determined by the recharge 
time of C852. This time is, in turn, determined by 
Q843-Q846 and the feedback voltage from the Feedback 
Rectifier. 0843 and 0646 are connected as a comparator. 
Zener diode VR848 sets a level of about -*-9 volts at the 
base of 0846. The output voltage of the Feedback Rectifier 
stage is connected across divider R842-R843-R844. The 
■•-75 Volts adjustment R843 in this divider is adjustable to 
set the output voltage of the supply. If the feedback voltage 
from the Feedback Rectifier stage should increase after 
R843 has been adjusted properly, the collector current of 
0843 will decrease. Therefore, C852 will recharge more 
slowly and 0863 will remain off for a longer period of time 
(further explanation of regulation will be given under Regu- 
lator Amplifier, which follows). Likewise, if the feedback 



voltage decreases, the collector current of 0843 increases 
and C852 recharges more rapidly so that 0863 is off for a 
shorter period of time. 

Regulator Amplifier 

The actual pre-regulation of the voltages produced by 
this circuit is controlled by transistor 0860. This transistor 
is connected so diat it is always on when 0863 is off (note 
exceptions for current limiting and Stop Circuit operation). 
Therefore, when the multivibrator 0853-0863 has been 
triggered so that 0863 is off, 0860 is on. The collector of 
0860 drops negative and it conducts current away from the 
secondary of T825 through CR823 and CR824. Due to the 
turns ratio of T825, this action does not allow any current 
from the feedback winding to reach the base windings of 
either 0825 or 0835. As a result, the inverter transistors 
remain off as long as 0860 is on and they do not conduct 
current through the primary of T870. When the Pre- 
Regulator multivibrator resets so that 0863 is again con- 
ducting. 0860 turns off. Then, it does not conduct any 
current from T825 and the feedback current reaches the 
base windings of this transformer. Now the Inverter transis- 
tors operate as described previously. By controlling the 
amount of time dtat 0860 is in conduction, the voltage 
that is delivered to the power transformer T870 can be 
controlled. The amount of time that 0860 conducts is con- 
trolled by comparator 0843-0846 and the feedback voltage 
as described under Pre-Regulator. 

The network C860-CR860-R860-R861 in the collector 
circuit of 0860 protects this transistor from excess voltage 
at its collector when it is turned off. C858-CR857- 
CR858-CR859-R858 in theTrigger Amplifier stage, provide 
a current limiting network to protect the supply when ex- 
cess current is demanded from the Inverter stage. When this 
condition occurs, the base of 0860 is pulled positive so that 
it conducts and limits the output current of the supply as 
tong as excess current is flowing through the primary of 
T839. 

Stop Circuit 

Transistors 0864 and 0868 provide a circuit to stop the 
operation of the Inverter circuit when the POWER switch is 
turned off or the line voltage is disconnected from this 
instrument. When the POWER switch is turned on and line 
voltage is available, the line triggers from transformer T80S 
in the Line Input stage are connected to the base of 0868 
through R868. Each time a trigger pulse is received, 0868 
cor>ducts and the collector of 0868 goes negative to dis- 
charge C867. However, when there are no line triggers at 
the base of 0868, C867 begins to charge towards the feed- 
back voltage through R667. As it charges, the base of 0864 
is pulled positive to a level vtrhere it conducts. Then, the 
emitter of 0864 pulls the base of 0860 positive also to 
bring it into conduction. With 0860 conducting, the Invert- 
er stage oscillation stops. 
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Low-Voltage Rectifiers 

The rectifiers and the associated filter components in the 
secondaries of T870 provide rectified, pre-regulated volt- 
ages for operation of this instrument or for re-regulation by 
the Low Voltage Regulator circuit for connection to the 
plug-in compartments. Zener diode VR876 and silicon- 
controlled rectifier Q876, connected from the ^150 Volt out- 
put to ground, provide over-voltage protection for this cir- 
cuit. If the output voltage across this secondary of T870 
increases to about 180 volts, VR876 conducts to turn on 
Q876. This effectively shorts across this winding of T870 
and demands high current from the circuit. This high cur- 
rent demand in the secondary of T870 results in Inverter 
fuse F810 opening to interrupt the power to the Inverter 
stage. 



LOW-VOLTAGE REGULATOR 

General 

The Low-Voltage Regulator circuit contains five regu- 
lated supplies. Electronic regulation provides stable, low- 
ripple output voltages from the semi-regulated input volt- 
ages from the Line to DC Converter/Regulator circuit. Each 
supply contains a short-protection circuit to prevent instru- 
ment damage if a supply is inadvertently shorted to ground 
or to another supply. Fig. 3-35 shows a detailed block dia- 
gram of die Low-Voltage Regulator circuit. A schematic of 
this circuit is shown on diagram 11 at the rear of this man- 
ual. 



-50-Volt Supply 

The following discussion includes the description of the 
—50 V Series Regulator, —50 V Feedback Amplifier, —50 V 
Reference and -50 V Current Limiting stages. Since these 
stages are closely related in the production of the -50-volt 
regulated output voltage, their operation is most easily 
understood when discussed as a unit. 



The semi-regulated —50 volts from the Line to DC Con- 
verter/Reguiator circuit provides the unregulated voltage 
source for this supply. Transistors Q984, Q992, Q994 and 
Q998 operate as a feedback stabilized regulator circuit to 
maintain a constant -50-volt output level. Q984 is con- 
nected as a differential amplifier to compare the feedback 
voltage at the base of Q984B against the reference voltage 
at the base of Q984A. The error output at the collector of 
Q984A reflects the difference, if any. between the two in- 
puts. The change in error output level at the collector of 
Q984A is always in the same direction as the change in the 
feedback input at the base of Q984B (in phase). 



Zener diode VR982 sets a reference level of about —9 
volts at the base of Q984A. A sample of the output voltage 
from this supply is connected to the base of Q9846 



through divider R985-R986-R987. R986 in this divider is 
adjustable to set the output level of this supply. Notice that 
the feedback voltage to this divider is obtained from a line 
labeled —50 V Sense. Fig. 3-36 illustrates the reason for this 
configuration. The inherent resistance of the intercon- 
necting wire between the output of the —50-Volt Supply 
and die load produces a voltage drop which is equal to the 
output current multiplied by the resistance of the intercon- 
necting wire. Even though the resistance of the wire is 
small, it results in a substantial voltage drop due to the high 
output current of this supply. Therefore, if the feedback 
voltage were obtained ahead of this drop, the voltage at the 
load might not maintain close regulation. However, the -50 
V Sense configuration overcomes this problem since it ob- 
tains the feedback voltage from a point as close as practical 
to the load. Since the current in the -50 V Sense line is 
small and constant, die feedback voltage is an accurate 
sample of the voltage applied to the load. 

Regulation occurs as follows: If the output level of this 
supply decreases (less negative) due to an increase in load, 
or a decrease in input voltage (as a result of line voltage 
changes or ripple), the voltage across divider 
R985-R986-R987 decreases also. This results in a more pos- 
itive feedback level at die base of Q984B than established 
by the -50 V Reference stage at the base of Q984A. Since 
the transistor with the more positive base controls the con- 
duction of the differential amplifier, the output current at 
die collector of Q984A decreases. This decrease in output 
from Q984A ailows more current to flow through Q992 
and Q994 to result in increased conduction of the —50 V 
Series Regulator Q998. The load current increases and the 
output voltage of diis supply also increases (more negative). 
As a result, the feedback voltage from the -50 V Sense line 
increases and the base of Q984B returns to the same level as 
the base of Q984A. Similarly, if the output level of this 
supply increases (more negative), the output current of 
Q984A increases. The feedback through Q992 and Q994 
reduces the conduction of the -50 V Series Regulator to 
decrease the output voltage of this supply. C990-R990 and 
C992-R992 stabilize the feedback network. 



The -50 Volts adjustment R986 determines the divider 
ratio to the base of Q984B and thereby determines the 
feedback voltage. This adjustment sets the output level of 
the supply in the following manner: If R986 is adjusted so 
the voltage at its variable arm goes less negative (closer to 
ground), this appears as an error signal at the base of 
Q984B. In the same manner as described previously, this 
positive-going change at the feedback input of the differ- 
ential amplifier increases the conduction of the -50 V 
Series Regulator to produce more current through the load 
and thereby increase the output voltage of this supply. This 
places more voltage across divider R98S-R986-R987 and 
the divider action returns the base of Q984B to about —9 
volts. Notice that the feedback action of this supply forces 
a change in the output level which always returns the base 
of Q984B to the same level as the base of Q984A. In this 
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manner, the output level of the —50-Volt Supply can be set 
to exactly —50 volts by correct adjustment of R986. 

The -50 V Current Limitirtg stage Q988 protects the 
-50-Volt Supply if excess current is demanded from this 
supply. Since the ground return for the -50-Volt Supply is 
through R997-R998, all current from the -50-Volt Supply 
must flow through these resistors. Transistor Q988 senses 
the voltage drop across R997-R998. Under normal oper- 
ation, there is about 0.3-volt drop across R997-R998 which 
is not sufficient to forward bias Q988. However, when ex- 
cess current is demanded from the -50 V Series Regulator 
due to a short circuit or similar malfunction at the output 
of this supply, the voltage drop across R997-R998 increases 
until it is sufficient to forward bias Q988. The collector 
current of Q988 results in a reduction of current through 
Q992 and Q994 to limit the conduction of Q998. As the 
output voltage of this supply decreases due to the current 
limiting, the level of the positive semi-regulated voltage in- 
creases. More current flows through R988-R989 to increase 
the voltage drop across R989. As a result, the bias on Q998 
increases so the Series Regulator supplies less current. This 
current limiting protects Q998 from damage due to excess 
power dissipation. 

Several protection diodes are also included in this cir- 
cuit. CR981 prevents the output of this supply from going 
more positive than about -r^O.6 volt if it is shorted to a 
positive supply. CR984 protects Q984A from reverse- 
voltage breakdown. CR991 protects transistor Q994 by dis- 
connecting the -r-50-Volt Supply if it is more negative than 
the base of Q994, such as when the instrument is turned 
on, or if the -tSO-Volt Supply is shorted to a less positive 
supply. CR994 protects Q994 from reverse-voltage break- 
down. 



-15-Volt Supply 

Basic operation of all stages in the —15-Volt Supply is 
the same as for the -50-Volt Supply. Reference level for 
this supply is established by divider R962-R963 between 
ground and the —50 V Sense voltage. The divider ratio of 
R962-R963 sets a level of —15 volts at the base of Q964A. 
The level on the —50 V Sense line is held stable by the —50 
Volt Supply. Any change at the output of the —15-Volt 
Supply appears at the base of Q964B as an error signal. The 
output voltage is regulated in the same manner as described 
for the -50-Volt Supply. Diode CR972 insures a conduc- 
tion path between the collector of —15 V Current Limiting 
transistor Q966 and the -15 V Series Regulator Q974 
when current limiting is required. CR961 limits the output 
of this supply from goirtg more positive than about -K).6 
volts when it is shorted to one of the positive supplies. 
Diodes CR964 and CR965 provide reverse-voltage protec- 
tion for transistors Q964A and Q9646 respectively. 



+5- Volt Supply 

Basic operation of the -i-S V Series Regulator and -*-5 V 
Current Limiting stages are the same as described for the 
previous supplies. The -<-5 V Feedback Amplifier operates in 
the same manner as described previously except that Q948 
provides inversion in the feedback path to assure correct 
operation of diis circuit. The reference level for this supply 
is established by the ground connection at the base of 
Q944. Feedback voltage to the base of Q946 is provided by 
divider R946-R947 between the -r-5 V Sense line and the 
—50 V Sense line. The divider ratio of R946-R947 is 10:1 
so that the base of Q946 is at zero volts when the supply is 
operating properly. The level on the —50 V Sense line is 
held stable by the -50-Volt Supply. Therefore, any change 
at the output of the -*-5-Volt Supply appears at the base of 
Q946 as an error signal. The output voltage is regulated in 
the manner described previously for the -50-Volt Supply. 
Diode CR941 limits the output of this supply to about 
—0.6 volt if it is shorted to one of the negative supplies. 
Diode CR942 provides a current path to limit the output of 
the -tS-Volt Supply to about -*-7.6 volts if this supply is 
shorted to the -*-50-Volt Supply. Diode CR948 establishes a 
level of about -*0.6 volt at the emitter of Q948. CR949 
along with the forward drop across the base-emitter junc- 
tion of Q948 establishes sufficient voltage drop for correct 
operation of the -*-5 V Current Limiting stage Q954. 



The output of this supply is connected across the GRAT 
ILLUM control R957 through fuse F957. R957 controls 
the current through the graticule illumination lights DS957, 
DS958, DS959 to change the illumination of the graticule 
lines. Fuse F957 protects the -r-5-Volt Supply if a short- 
circuit condition occurs in the graticule light network. 

The elapsed-time meter M941 is connected to the 
-♦-5-volt output. This meter records the amount of time that 
this instrument has been operating. R941 establishes the 
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current through M941 which determines the rate at which 
the meter records time. 

+15-Volt Supply 

The semi-regulated voltage applied to the +15-Volt Sup- 
ply is connected to the High-Voltage Oscillator stage in the 
CRT Circuit through F921. This fuse protects the +16 Volt 
Supply from damage due to failures in the High-Voltage 
Oscillator stage. The t-IS V Series Regulator and -*-15 V 
Current Limiting stages operate in the same manner as des- 
cribed for the previous supplies. The +1S V Feedback 
Amplifier stage is connected in the inverting configuration. 
The ground connection at the base of Q922A provides the 
reference for this supply. Feedback voltage to the base of 
Q922B is provided through divider R92S-R926 between the 
V Sense line and the —50 V Sense line. The divider 
ratio of R92S-R926 sets the base of Q922B to zero volts. 
Any change in the output level of the -t-IS-Volt Supply 
appears at the base of Q922B as an error signal. This results 
in an opposite change at the collector of Q922B which is 
connected to the base of Q936 through zener diode 
VR927. This diode provides voltage shifting between 
Q922B and Q936. The change at the base of Q936 is con- 
nected to the -tIS V Series Regulator stage through Q938 
to correct the error in the output voltage. 



Diodes CR922 and CR924 provide reverse-voltage break- 
down protection for transistors Q922A and Q922B respec- 
tively. Diode CR923 protects Q922B against negative volt- 
ages when the -HS-Volt Supply is shorted to ground. 
CR938 provides a connection between the -r^lS V Current 
Limiting stage and the -*-15 V Series Regulator stage when 
current limiting is required. Diode CR935 disconnects the 
emitter circuit of Q936 from the -50-Volt Supply when 
the -50-Volt Supply is shorted to a positive supply. 



The -*-5 V Voltage Limiting stage provides protection for 
the light bulbs and integrated circuits which are powered 
from the -t-5-Volt Supply. The output of the -*-5-Volt Sup- 
ply is connected across zener diode VR930 through R929 
and R930. Under normal conditions, Q930 does not con- 
duct. However, if the output of the -t-5-Volt Supply rises 
positive due to a short to the -tIS-Volt Supply, the base of 
Q930 is clamped at about -*-5.1 volts by zener diode 
VR930. As the output voltage of the -*-5-Volt Supply in- 
creases to about >^5.7 volts, Q930 is forward biased and its 
collector current turns on the -*-15 V Current Limiting stage 
through R931 . This limits the output of the -*^1 5-Volt Sup- 
ply to about -*-5.7 volu. 



+50-Volt Supply 

Operation of the +50 V Series Regulator and the +50 V 
Current Limiting stages are the same as described previously 
for the other supplies. The +50 V Feedback Amplifier oper- 
ates in the same manner as described previously except that 



Q910 provides inversion in the feedback path to provide 
correct operation of this circuit. Reference voltage for this 
supply is established by the ground connection at the base 
of Q906A. Feedback voltage to the base of Q906B is pro- 
vided by divider R907-R908 between the +50 V Sense line 
and -50 V Sense line. The divider ratio of R907-R908 sets 
the base level of Q906B to ground level when the output of 
this supply is correct. The protection diodes in this circuit 
operate similarly to the other supplies. 

-f-75- and +150-Vo!t Supply 

The +75-Volt and +150-Volt levels produced by the Line 
to DC Converter/Regulator circuit are connected to fuses 
F901 and F902, respectively, in this circuit. These fuses 
protect the Line to DC Converter/Regulator circuit if the 
output of these supplies is shorted. 

CONTROLS AND CABLING 

General 

Diagram 12 shows the front-panel switches and controls 
of the 7704 and the interconnections between these con- 
trols and the circuits within this instrument. To use the 
cabling diagram, note the number on the wire at the point 
where an individual wire joins the cable. Then follow the 
cable around until a break-out is found with the same 
number. This will be the source/location of the desired 
wire. 

Switch Logic 

The VERTICAL MODE and HORIZONTAL MODE 
switches determine the operating mode of the Vertical 
Interface and Horizontal Interface circuits respectively. 
Each of these switches is designed so that it is self- 
canceling; (i.e., only one button can be pressed at a time). 
Specific operation of these »vitches is described in connec- 
tion with the circuits that they control. 

The A TRIGGER SOURCE and B TRIGGER SOURCE 
switches control the operation of the Trigger Selector 
circuit. These switches are also self-canceling so that only 
one of the buttons can be pressed at a time. Operation of 
these switches is discussed in connection with the Trigger 
Selector circuit. 

Indicator Lights 

The indicator lights shown in connection with the 
VERTICAL MODE and HORIZONTAL MODE switches 
ir>dicate which mode has been selected. When one of the 
buttons of these switches is pressed, it completes the circuit 
between the associated bulb and the lamp-common line. 
Notice that a separate bulb is used for each mode switch 
position. Bulbs DS1035 and DS1037, located by the B 
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INTENSITY and A INTENSITY controls respectively, are 
actuated by the HORIZONTAL MODE switch to indicate 
which of the intensity controls is active for the selected 
horizontal mode. The selected button of the A TRIGGER 
SOURCE and B TRIGGER SOURCE switches is also illumi- 
nated to indicate the trigger source. Notice that only or>e 
bulb is associated with each of the trigger source switches. 
The source switches are mechanically designed so that the 
button which is pressed receives light from the bulb, but 
the remaining buttons remain un illuminated. 



The CONTROL ILLUM switch S1040B determines the 
illumination level of the pushbutton switches on the 7704 
and the associated plug in units. In the HIGH position of 
this switch, the lamp power from the Low-Voltage Power 
Supply circuit is connected directly to the light bulbs. In 
the LOW position, the lamp power is connected to the 
bulbs through diodes CR1040 and CR1041. The forward 
drop across these diodes reduces the current available to the 
bulbs so that they operate at a lower intensity level. In the 
OFF position, the lamp power to all of the pushbutton 
switches is disconnected. However, lamp power is still pro- 
vided to the bulbs associated with the A and B INTENSITY 
controls through CR1040 and CR1041 to provide an indi- 
cation that the POWER switch is ON. Fuse FI 040 protects 
the +5-Volt Lamp Supply if the lamp power circuit is 
shorted to ground. 

This diagram also shows the wirirtg for the Camera 
Power Connector on the CRT bezel, the rear panel PROBE 
POWER connector J1080-J1085, and the Remote connec- 
tor J1075. 

READOUT SYSTEM 

Introduction to Readout System 

General. The Readout System in the 7704 provides 
alphanumeric display of information encoded by the plug- 
in units. This display is presented on the CRT ar>d is written 
by the CRT beam on a time-shared basis with the analog 
waveform display. Schematics for the total Readout System 
are shown on diagrams 13. 14 and 15 at the rear of this 
manual. 



The definitions of several terms must be clearly under- 
stood to follow this description of the Readout System. 
These are: 

Character— A character is a single number, letter, or symbol 
which is displayed on the CRT, either alone or in combi- 
nation with other characters. 



Word— A word is made up of a related group of characters. 
In the 7704 Readout System, a word can consist of up 
to ten characters. 



Frame— A frame is a display of all words for a given oper- 
ating mode and plug-in combination. Up to eight words 
can be displayed in one frame. Fig. 3-37 shows one com- 
plete frame (simulated readout) and the position at 
which each of the eight words is displayed. 

Column— One of the vertical lines in the Character Selection 
Matrix (see Fig. 3-38). Columns C-0 (column zero) to 
C-10 (column 10) can be addressed in the 7704 system. 



Row-One of the horizontal lines in the Character Selection 
Matrix (Fig. 3-38). Rows R-1 (row 1) to R-10 (row 10) 
can be addressed in the 7704 system. 

Time-slot— A location in a pulse train. In the 7704 Readout 
System, the pulse train consists of 10 negative-going 
pulses. Each of dtese time slots is assigned a number 
between one and ten. For example, the first time slot is 
TS-1, 



Time-multiplexing— Transmission of data from two or more 
sources over a common path by using different time 
intervals for different signals. 

Display Format. Up to eight words of readout informa- 
tion can be displayed on the 7704 CRT. The position of 
each word is fixed artd is directly related to the plug-in unit 
from which it originated. Fig. 3-37 shows the area of the 
graticule where the readout from each plug-in unit is dis- 
played. Notice that channel 1 of each plug-in unit is 
displayed within the top division of the CRT and channel 2 
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Fig. 3-39. Typical readout display whara only ehannal 1 of tha 
Right Vertical and B Horizontal units ara displayed. 



is displayed directly below within the bottom division. Fig. 
3-39 shows a typical display where only channel 1 of the 
Right Vertical and 8 Horizontal units are selected for 
display. 

Each word in the readout display can contain up to 10 
characters, although the typical display will contain be- 
tween two and seven characters per word. The characters 
are selected from the Character Selection Mauix shown in 
Fig. 3-38. Any one of the 50 separate characters can be 
addressed and displayed on the CRT. In addition, 12 opera- 
tional addresses are provided for special instructions to the 
Readout System. The unused locations in the Matrix 
(shaded areas) are available for future expansion of the 
Readout System. The method of addressing the locations in 
the Character Selection Matrix is described in the following 
discussion. 

Developing the Display. The following basic description 
of the Readout System uses the block diagram shown in 
Fig. 3-40. This description is intended to relate the basic 
function of each stage to the operation of the overall Read- 
out System. Detailed information on circuit operation will 
be given later. 

The key block in the Readout System is the Timer stage. 
This stage produces the basic signals which establish the 
timing sequences within the Readout System. Period of the 
timing signal is about 250 microseconds (drops to about 
210 microseconds when Display-Skip is received; see de- 
tailed description of Timing stage for further information). 
This stage also produces control signals for other stages 
within this circuit ar>d interrupt signals to the Vertical 
Interface and Horizontal Interface circuits, CRT Circuit, 
and Z-Axis Logic stage which allow a readout display to be 
presented. The Time-Slot Counter stage receives a trape- 
zoidal voltage signal from the Timer stage arxl directs it to 



one of ten output lines. These output lines are labeled TS-1 
through TS-10 (time-slots one throu^ ten) and are connec- 
ted to the vertical and horizontal plug-in compartments as 
well as to various stages within the Readout System. The 
output lines are energized sequentially so That there is a 
pulse on only one of dte 10 lines during any 250 micro- 
second timing period. When the Time-Slot Counter stage 
has completed time-slot 10. it produces an End-of-Word 
pulse which advances the system to the next channel. 

Two output lines, row and column, are connected from 
each channel back to the Readout System. Data is typically 
encoded on these output lines by connectir>g resistors be- 
tween them and the time-slot input lines. The resultant 
output is a sequence of ten analog current levels which 
range from zero to one milliampere (100 microamperes/ 
step) on the row and column output lines. This row and 
column correspond to the row and column of the Character 
Selection Matrix in Fig. 3-38. The standard format in which 
information is encoded onto the output lines is given in 
Table 3-2 (special purpose plug-in units may have their own 
format for readout: these special formats will be defined in 
the manuals for these units): 



TABLE 3-2 

Standard Readout Format 

Time-Slot Number Description 

TS-1 Determines decimal magnitude 

(number of zeros displayed or pre- 
fix change information) or the 
IDENTIFY furxrtion (no display 
during this time-slot). 

TS-2 Indicates normal or inverted input 

(no display for normal). 

TS-3 Indicates calibrated or uncalibrated 

condition of plug-in variable con- 
trol (no display for calibrated con- 
dition). 

TS-4 1-2-5 scaling. 

TS-5 Not encoded by plug-in unit. Left 

TS-6 blank to allow addition of zeros by 

TS-7 Readout System. 

TS-8 Defines the prefix which modifies 

the units of measurement. 

TS-9 Define the units of measurement of 

TS-10 the plug-in unit. May be standard 

units of measurement (V, A, S, 
etc.) or special units selected from 
the Character Selection Matrix. 
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Fig. 3-40. 0«ull«d Wocfc diagrim of Readout Syrtam, 
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The encoded column end row data from the plug-in 
units is selected by the Column Data Switch and Row Data 
Switch stages respectively. These stages take the analog 
currents from the eight data lines (two channels from each 
of the four plug-in compartments) and produce a single 
time-multiplexed analog voltage output which contains all 
of the column or row information from the plug-ins. The 
Column Data Switch and Row Data Switch are sequenced 
by the binary Channel Address Code from the Channel 
Counter. 



The time multiplexed output of the Column Data 
Switch is monitored by the Display-Skip Generator to 
determine if it represents valid information which should be 
displayed. Whenever information is not encoded in a time- 
slot, the Display-Skip Generator produces an output level 
to prevent ^e Timer stage from producing the control 
signals which normally interrupt the CRT display and pre- 
sent a character. 



The analog output of the Column Data Switch and Row 
Data Switch are connected to the Column Decoder and 
Row Decoder stages respectively. These stages sense the 
magnitude of the analog voltage input and produce an out- 
put current on orte of ten lines. The outputs of the Column 
Decoder stage are identified as C-1 to C-10 (column 1 to 
10) which correspond to the column information encoded 
by the plug-in unit. Likewise, the outputs of the Row 
Decoder stage are identified as R-1 to R-10 (row 1 to 10) 
which correspond to the row information encoded by the 
plug-in unit. The primary function of the row and column 
outputs is to select a character from the Character Selection 
Matrix to be produced by the Character Generator stage. 
However, these outputs are also used at other points within 
the system to indicate when certain information has been 
encoded. One such stage is the Zeros Logic and Memory. 
During tirr>e-slot 1 (TS-1), this stage checks If zero-adding 
or prefix-shifting information has been encoded by the 
plug-in unit and stores it in memory until time-slots 5, 6, or 
8. After storing this information, it triggers the Display- 
Skip Generator stage so there is no display during this time 
slot (as defined by Standard Readout Format; see Table 
3-2). When time-slots 5, 6 and 8 occur, the memory is 
addressed and any information stored there during time-slot 
1 is transferred out and connected to the input of the 
Column Decoder stage to modify tf>e analog data during the 
applicable time-slot. 



Another operation of the Zeros Logic and Memory stage 
is to produce the IDENTIFY function. When time-slot 1 is 
encoded for IDENTIFY (column 10, row 3), this stage pro- 
duces an output level which connects the Column Data 
Switch and Row Data Switch to a coding network within 
the Readout System. Then, durirtg time-slots 2 through 9, 
an analog current output is produced from the Column 
Data Switch and Row Data Switch which addresses the 
correct points in the Character Selection Matrix to display 



the word "IDENTIFY" on the CRT. The Zeros Logic and 
Memory stage is reset after each word by the Word Trigger 
pulse. 

The Character Generator stage produces the characters 
which are displayed on the CRT. Any of the 50 characters 
shown on the Character Selection Matrix of Fig. 3-37 can 
be addressed by proper selection of the column and row 
current. Only one character is addressable in any one time- 
slot; a space can be added into the displayed word by the 
Decimal Point Logic artd Character Position Counter stage 
when encoded by the plug-in. The latter stage counts how 
many characters have been generated and produces an out- 
put current to step the display one character position to the 
right for each character. In addition, the character position 
is advanced once during each of time-slots 1, 2 and 3 
whether a character is generated during these time-slots or 
not. This action fixes the starting point of the standard- 
format display such that the first digit of the scaling factor 
always starts at the same point within each word regardless 
of the encoded information in time-slot 2 (normal/invert) 
or time-slot 3 (cal/uncal) which precedes this digit. Also, by 
encoding row 10 and column 0 during any time-slot, a 
blank space can be added to the display. Decimal points can 
be added to die display at any time by addressing row 7 
and columns 3 throu^ 7 (see Character Selection Matrix 
for location of these decimal points). The Decimal Point 
Logic and Character Position Counter stage is reset after 
each word by the Word Trigger pulse. 



The Format Generator stage provides the output signals 
to the vertical and horizontal deflection systems of the 
instrument to produce the character display. The binary 
Channel Address Code from the Channel Counter stage is 
connected to this stage so that the display from each 
channel is positioned to the area of the CRT which is 
associated with the plug-in and channel originating the 
word (see Fig. 3-36). The positioning current or decimal 
point location current generated by the Decimal Point 
Logic and Character Position Counter stage is added to the 
horizontal (X) signal at the input to the Format Generator 
stage to provide horizontal positioning of the characters 
within each word. The X- and Y-output signals are con- 
nected to the Horizontal Amplifier and Vertical Amplifier 
through the Horizontal Output and Vertical Output stages 
respectively. 



The Word Trigger stage produces a trigger from the End- 
of-Word pulse generated by the Time-Slot Counter stage 
after the tenth time-slot. This Word Trigger pulse advances 
the Channel Counter to display the information from the 
next channel or plug-in. It also provides a reset pulse to the 
Zeros Logic and Memory stage and the Decimal Point Logic 
and Character Position Counter stage. The Word Trigger 
stage can also be advanced to jump a complete word or a 
portion of a word when a Jump command is received from 
the Row Decoder stage. 
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Fig. 3-41. Output wavtfortnt of Timer itegc. 



Circuit Analysis of Readout System 

The following analysis of the Readout System discusses 
the operation of each stage in detail. Complete schematics 
of the Readout System are dtown on diagrams 13, 14 and 
15 at the rear of this manual. 



Timer 

The Timer stage U1210 establidies the timing sequence 
for all circuits within the Readout System. This stage pro- 
duces seven time-related output waveforms (see Fig, 341), 
The triangle waveform produced at pin 6 forms the basis 
for the remaining signals. The basic period of this triangle 
waveform is about 250 microseconds as controlled by RC 
network C1214-R1214. The triangle waveform Is clipped 
and amplified by U1210 to form the trapezoidal output 
signal at pin 10. The amplitude of this output signal is 
exactly 15 volts as determined by U1210 (exact amplitude 
rtecessary to accurately encode data; see Encoding the 
Data). The Trigger output at pin 5 provides the switching 
signal for the Time-Slot Counter and Word Trigger stages. 



The signals at pins 12, 13, 14 and 16 are produced only 
when the triangle waveform is on its negative slope and the 
trapezoidal waveform has reached the lower level. The 
timing sequertce of these waveforms is very important to 
the correct operation of the Readout System (see expanded 
waveforms in Fig. 342). The Z-Axis Logic OFF Command 
at pin 14 is produced first. This negative-goir>g signal pro- 
vides a blanking pulse to the Z-Axis Logic stage (see dia- 
gram 2) to blank the CRT before the display is switched to 
the Readout System. It also produces the Strobe pulse 
through R1221, Q1223 and CR1224 to signal other stages 
within the Readout System to begin the sequence necessary 
to produce a character. The collector level of Q1223 is also 
connected to Character Generator #2, U1252, through 
C1222-CR1222. This activates U1252 during the quiescent 
period of the Strobe pulse (collector of Q1223 negative) 
and diverts the output current of the Row Decoder stage 
U1186 to row 2. The purpose of this configuration is to 
prevent the Zeros Logic ar>d Memory stage U1190 from 
storing incorrect data during the quiescent period of the 
Strobe pulse. When the Strobe pulse goes positive, CR1222 
is reverse biased to disconnect Q1223 from U1252 and 
allow die Row Decoder stage to operate in the normal 
manner. 



Tlie next signal to be produced is the Vertical/ 
Horizontal Channel Switch OFF Command at pin 13. This 
positive-going signal disconnects the plug in signals in the 
vertical and horizontal deflection systems so the plug-ins do 
not control the position of the CRT beam. The Ready 
signal derived from this output is connected to the Decimal 
Point Logic and Character Position Counter stage and the 
Format Generator stage (see diagram 15). The Readout 
Intensity output at pin 12 is produced next. This current is 
connected to the Z-Axis Intensity circuit to unblank the 
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Fig. 3-42. Dttait cf output tt pins 12, 13. 14 ind 16 of U1210. 

CRT to the level determined by the READOUT intensity 
control R1040. The Character Scan ramp at pin 16 started 
to go negative before this timing sequence began. However, 
character -generation does not start until the readout inten- 
sity level has been established. The triangular Character 
Scan ramp runs negatively from about —2 volts to about 
—8.5 volts and then returns back to the original level. This 
waveform provides the scanning signal for the Character 
Generator stages (see diagram 15). The Character Scan 
adjustment R1217 sets the DC level of the Character Scan 
ramp to provide complete characters on the display. 

The Timer stage operates in one of two modes as con- 
trolled by the Display-Skip level at pin 4. The basic mode 
just described is a condition which does not occur unless all 
ten characters of each word (80 characters total) are dis- 
played on the CRT. Under typical conditions only a few 
characters are displayed in each word. The Display-Skip 
level at pin 4 determines the period of the Timer output 
signal. When a character is to be generated, pin 4 is LO and 
the circuit operates as just described. However, when a 
character is not to be displayed, a HI level is applied to pin 
4 of U1210 through CR1207 from die Display-Skip Gen- 
erator stage (diagram 14). This signal causes the Timer stage 
to shorten its period of operation to about 210 micro- 
seconds. The waveforms shown in Fig. 3-43 show the opera- 
tion of the Timer stage when the Display-Skip condition 




Fig. 3-43. Timer stage operation when Oitplsv-Skip condition 
occurs. 
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occurs for all positions in a word. Notice that there is no 
output at pin 12, 13, 14 and 16 under this condition. This 
means that the CRT display is not interrupted to display 
characters. Also notice that the triartgle waveform at pin 6 
does not go as far rtegative and that the negative portion of 
the trapezoidal waveform at pin 10 is shorter. Complete 
details on operation of dte Display-Skip Generator are given 
later. 



The READOUT intensity control R1040 sets the inten- 
sity of the readout display ir>dependently of the A or 6 
INTENSITY controls. The READOUT intensity control 
also provides a means of turning the Readout System off 
when a readout display is not desired. When R1040 is 
turned fully counterclockwise, switch S1040A opens. This 
interrupts the current to pin 11 of U1210 and at the same 
time allows a positive voltage to be applied to pin 4 through 
R1206 and CR1206. This positive voltage switches the 
stage to the same corxJitions as were present under the 
Display-Skip cortdition. Therefore, the CRT display is not 
interrupted to present characters. However, time-slot pulses 
continue to be generated. 



Time-Slot Counter 

The Time-Slot Counter stage U1226 is a sequential 
switch which directs the trapezoidal waveform input at pin 
8 to one of its ten output lines. These time-slot pulses 
obtain the data for the Readout System from the plug-in 
units. The Trigger pulse at pin 15 switches the Time-Slot 
Counter to the next output line; the output signal is 
sequenced from time-slot 1 through time-slot 10. Fig. 3-44 
shows the time-relationship of the time-slot pulses. Notice 
that only one of the lines carries a time-slot pulse at any 
given time. When time slot 10 is completed, an End-of- 
Word pulse is produced at pin 2. The Er>d-of-Word pulse 
provides a drive pulse for the Word Trigger stage and also 
provides an enabling level to the Display-Skip Generator 
during time-slot 1. 

Pin 16 is a reset input for the Time-Slot Counter stage. 
When this pin is held LO, the Time-Slot Counter resets to 
time-slot 1. The Time-Slot Counter can be reset in this 
manner only when a Jump signal is received by U1227A 
(see following discussion). 



Word Trigger 

The Word Trigger stage is made up of 4 two-input NOR 
gates in U1227. The End-of-Word pulse produced by the 
Time-Slot Counter stage produces a HI level at pin 1 of 
U1227C. This level is inverted by U1227D to provide a 
negative-goirtg advance pulse to the Channel Counter stage. 



An output is also produced from U1227D when a Jump 
signal is received at pin 8 of U1227A. This condition can 
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occur during any time-slot. U1227A and U1227B are con- 
nected as a bistable flip-flop. The positive-going Jump signal 
at pin 8 of U1227A produces a LO level at pin 10 (see Row 
Decoder for further information on origin of the Jump 
signal). This LO level is inverted by U1227B to produce a 
HI level at pin 13 which allows pin 9 of U1227A to be 
pulled HI through R1227. The flip-flop has now been set to 
its HI state where it remains until reset, even though the 
Jump signal at pin 8 returns to its LO level. The HI output 
level at pin 13 turns on 01226 through R1226 to pull pin 
16 of the Time-Slot Counter LO. This resets die Time-Slot 
Counter to time-slot 1 and holds it there until U1227 is 
reset. When the next Trigger pulse is received at pin 15, the 
Time-Slot Counter does not advance to the next output line 
(time-slot 2) but produces an output on the time-slot 1 line. 
A HI level is also applied to pin 4 of the Timer stage 
through CR1208 and CR1207. This HI level causes the 
Timer stage to operate in the display-skip mode so that a 
character is not generated. 

Although this Trigger pulse was not recognized by the 
Time-Slot Counter stage, it does reset the Word Trigger 
stage through C1227. This produces a LO level at pin 13 of 



U1227B vdiich enables the Time-Slot Counter and Timer 
stages for the next time-slot pulse. At the same time, the 
negative-going edge produced as U1227B switches output 
states is connected to pin 2 of U1227C. This results in a 
negative-going Word Trigger output at pin 4 of U1227D to 
advance the Channel Counter to the next word. 

Channel Counter 

The Channel Counter stage made up of integrated 
circuits U1230, U1231 and U1232 is a binary counter 
which produces the Channel Address Code for the Column 
Decoder and Row Decoder stages (diagram 14) and the 
Format Generator stage (diagram 15). This code instructs 
these stages to sequentially select and display the eight 
channels of data from the plug-ins. The input channel 
which is displayed with each combination of the Channel 
Address Code is given in the discussion for the applicable 
stages. 

Encoding the Data 

Data is conveyed from the plug-in unit to the Readout 
System in the form of an analog code having up to 11 
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current levels (from zero to one milliampere in 100 micro- 
ampere steps). The characters which can be selected by the 
encoded data are shown on the Character Selection Matrix 
(see Fig. 3-38). Each character requires two currents to 
define it; these currents are identified as the column current 
and the row current which correspond to the column and 
row of the matrix. The column ar>d row data is encoded by 
resistive programming in the plug-in units. Figure 3-45 
shows a typical encoding scheme for a voltage-sensing 
amplifier plug-in unit. Notice that the 10 time-slot (TS) 
pulses produced by the Time-Slot Counter stage are con- 
nected to the plug-in unit. However, time-slots 5, 6, 7, and 
10 are not used by the plug-in unit to encode data when 
using the Standard Readout Format (see Table 3-2 for 
Standard Readout Format). The amplitude of the time-slot 
pulses is exactly —15 volts as determined by the Timer 
stage. Therefore, the resultant output current from the 
plug-in units can be accurately controlled by the program- 
ming resistors in the plug-in units. 



For example, in Fig. 3-45 resistors RIO through R90 
control the row analog data which is connected back to the 
Readout System. These resistors are of fixed value and 
define the format in which the information will be pre- 
sented by the Readout System. Fig. 3-46A shows an ideal- 
ized output current waveform of row analog data which 
results from the 10 time-slot pulses. Each of the steps of 
current shown in tfiese waveforms corresponds to 100 
microamperes of current. The row numbers on the left- 
hand side of the waveform correspond to the rows in the 
Character Selection Matrix ^own in Figure 3-38. The row 
analog data is connected back to the Readout System via 
terminal B37 of die plug-in interface. 



The Column analog data is defined by resistors R110 
through R190. The program resistors are connected to the 
time slot lines by switch closures to encode the desired 
data. The data as encoded by the circuit shown in F ig. 3-45 
indicates a 100 microvolt sensitivity with the display 
inverted and calibrated vertical deflection factors. This 
results in the idealized output current waveforms shown in 
Fig. 3-46B at the column analog data output, terminal 
A37 of the plug-in interface. Resistor R 1 1 1 . connected be- 
tween time-slot 1 and the column analog data output en- 
codes two units of current during time-slot 1. Referring 
to the Character Selection Matrix, two units of column 
current along with the two units of row current encoded by 
RIO (row 3) Indicates that two zeros should be added to 
the display. Resistor R120 adds one unit of column current 
during time-slot 2 and along with the one unit of current 
from the row output, the Readout System is instructed to 
add an invert arrow to the display. R130 is not connected 
to the time-slot 3 tine since the vertical deflection factors 
are calibrated. Therefore, there is no column current output 
during this time-slot and there is no display on the CRT 
(see Display-Skip Generator for further information). 
During time-slot 4, two units of column current are 
encoded by R 140. There is no row current encoded during 
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this time-slot and this results in the numeral 1 being dis- 
played on the CRT. Neither row nor column analog data is 
encoded during time-slots 5, 6 and 7 as defined by the 
Standard Readout Format. During time-slot 8, two units of 
column current and three units of row current are encoded 
by resistors R181 and R80 respectively. This addresses the 
ii prefix in the Character Selection Matrix. The final data 
output is provided from time slot 9 by R 190 connected to 
the column output and R90 to the row output. These resis- 
tors encode three units of column current and four units of 
row current to cause a V (vdts) to be displayed. Time-slot 
10 is not encoded in accordance with the Standard Readout 
Format. The resultant CRT readout will be f 100 mV. 

In the above example, the row analog data was program- 
med to define which row of the Character Selection Matrix 
was addressed to obtain information in each time-slot. The 
column data changes to encode the applicable readout data 
as the operating conditions change. For example, if the 
variable control of the plug-in unit was activated, R130 
would be connected between time-slot 3 and the column 
analog data output lines. This encodes 10 units of column 
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current (see shaded area in timeslot 3 of the waveform 
shown in Fig. 3-46B). Since one unit of row current is also 
encoded during this time-slot by R30, a > symbol is added 
to the display. The CRT readout will now say 1 >100 fiV. 
In a similar manner, the odier wvitches can change the 
encoded data for the column output and thereby change 
the readout display. For information on decoding this 
information, see the descriptions which follow. 

The column analog data encoded by the plug-in can be 
modified by attenuator probes connected to the input con- 
nectors of vertical plug-in units. A special coding ring 
around the input connector of the plug-in unit senses the 
attenuation ratio of the probe (with readout-coded probes 
only). The probe contains a resistor which results in addi- 
tional column current. For example, if a 10X attenuator 
probe is connected to a plug-in with the coding for 100 
microvolts as shown in Fig. 3-45, an additional unitof cur- 
rent is added to the column analog data during time-slot 1. 
Since two units of current were erKoded by R1 1 1 (see Fig. 
3-45), this additional current results in a total of three units 
of column analog current during this time-slot. Referring to 
the Character Selection Matrix, three units of column cur- 
rent along with the two units of row current encoded by 
R10 indicates that the prefix should be reduced. Since this 
instruction occurs in the same time-slot which previously 
indicated that two zeros should be added to the display and 
only one instruction can be encoded during a time-slot, the 
zeros do not appear in the display. The CRT readout will 
now be reduced to 1 mV (readout program produced by 
plug-in same as for previous example). 

Likewise, if a 100X readout<oded probe is connected to 
the input of the plug-in unit, the column current during 
time-slot 1 will be increased two units for a total of four 
units of column current. This addresses an instruction in 
the Character Selection Matrix which reduces the prefix 
and adds one zero to dte display. The resultant CRT read- 
out with the previous program is 10 mV. 

Three other lines of information are connected from the 
plug-in compartments to the Readout System. The column 
and row analog data from drannel 2 of a dual-channel plug- 
in are connected to the Readout System through terminals 
A38 and B38 of the plug-in interface, respectively. Force 
readout information is encoded on terminal A35: function 
of this input is described under Column and Row Data 
Switches. 

The preceding information gave a typical example of 
encoding data from an amplifier plug-in unit. Specific 
encoding data and circuitry is shown in the individual plug- 
in unit manuals. 

Column and Row Data Switches 

The readout data from the plug-in units is connected to 
the Column and Row Data Switch stages in the Readout 



System. A column-data line and a row-data line convey 
analog data from each of the eight data sources (two 
chsnr>els from eadi of the four plug-in compartments). 

The Column Data Switch U1130 and the Row Data 
Switch U1170 receive the Channel Address Code from the 
Channel Counter stage. This binary code directs the 
Column Oats Switch and the Row Data Switch as to which 
channel should be the source of the readout data. Table 3-3 
gives the eight combinations of the chanrtel-address code 
and the resultant chanrtel which is selected with each 
combination. These stages have nine inputs and provide a 
single time-multiplexed output at pin 7 which includes the 
information from all of the input channels. Eight of the 
nine inputs to each stage originate in the plug-in units and 
the ninth input comes from a special data-encoding net- 
work composed of resistors Rt131 through R1138 and 
R1171 through R1178 (see Zeros Logic and Memory 
description for further information on ninth channel). 



TABLE 3-3 



Channel Address Code to 
Column and Row Decoder Stages 



Pin 1 
U1190 
"Identify" 
Command 


Pin 5 
U1232 


PinS 

U1231 


Pin 6 
1 U1230 

^ 1 


Chanrtel 

Selected 


HI 


HI 

1 


HI 


HI 


Channel 1 
Left Vertical 


HI 


HI 


HI 


LO 


Channel 2 
Left Vertical 


HI 


HI 


LO 


HI 


Channel 1 
Right Vertical 


HI 


HI 


LO 


LO 


Channel 2 
Right Vertical 


HI 


LO 1 


HI 


HI 1 


Channel 1 
A Horizontal 


HI 


LO 


HI 


LO 


Channel 2 
A Horizontal 


HI 


LO 


LO 


HI 


Channel 1 
B Horizontal 


HI 


LO 


LO 


LO 


Channel 2 
B Horizontal 


LO 




<t> 


4> 


IDENTIFY 



4> “ Hat no •Hoet in this cm. 



In addition to the data inputs from the plug-ins, channel- 
inhibit inputs are provided from each of the plug-in units. 
The channel inhibit lines are LO only when the associated 
plug-in unit has been selected for display. When a plug-in 
unit is not selected, the respective line is HI which forward 
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biases the associated diode CR1112, CR1173, CR1117, 
CR1118. CR1122, CR1123, CR1127. or CR1128 to by- 
pass the encoded data from this plug-in. However, since it 
may be desired to display information from special-purpose 
plug-ins even though they do not produce a normal display 
on the CRT, a feature is provided to over-ride the channel 
inhibit. This is done by appiyirtg a LO input to the associ- 
ated forcing over-ride input. The LO level diverts the HI 
channel inhibit current and allows the data from this plug- 
in unit to reach the Column Data switch, even though it has 
not been selected for display by the mode switches. 

Dispiay-Skip Generator 

The Display-Skip Generator stage. Q1143-Q1150 
Q1152-Q1 155, monitors the time-multiplexed column data 
at the output of the Column Data Switch during each time- 
slot to determine if the information at this point is valid 
data which should result in a CRT display. The base of 
Q1143B is fixed at about -M4.25 volts by divider 
R1146-R1 147-R1148. Quiescently, there is about 100 
microamperes of current flowing through R1141 from 
01 163 and the Zeros Logic and Memory stage (purpose of 
this quiescent current will be discussed in connection with 
the Zeros Logic and Memory stage). This current biases 
Q1 143A so its base is at about -*-14.5 volts in the absence of 
column data. Therefore, since Q1143A artd Q1143B are 
connected as a comparator, Q1143A will remain on unless 
its base is pulled more negative than about +14.25 volts. 
The analog data output from the Column Data Switch 
produces a 0.5-volt change for each unit of column current 
that has been encoded by the plug-in. Therefore, whenever 
any information appears at the output of the Column Data 
Switch, the base of Q1143A is pulled more r>egative than 
the base of Q1143B, resulting in a r^ative (LO) Display- 
Skip output to the Timer stage through Q1 155. Recall that 
a LO was necessary at tite skip input of the Timer stage so 
that The Timer stage could perform the complete sequence 
necessary to display a character. 

01150-01152 also provide display-skip action. The End- 
of-Word level that is connected to their emitters through 
R1152 is LO only during time-slot 1. This means that these 
transistors are only enabled durirtg this time-slot period. 
These transistors allow the Zeros Logic and Memory stage 
to generate a display-skip signal when information has been 
stored in memory which is not to be displayed on the CRT 
(further information given urtder Zeros Logic and Memory 
discussion). 

Column and Row Decoder 

The Column Decoder stage U1166 and Row Decoder 
stage U1 186 sense the magnitude of the analog voltages at 
their inputs and produce a binary output on one of ten 
lines corresponding to the column or row data which was 
encoded by the plug-in. These outputs provide the Column 
Digital Data and Row Digital Data which Is used by the 



Character Generator stages to select the desired character 
for display on the CRT. The column and row data is also 
used throughout the Readout System to perform other 
functions. The input current at pin 9 of the Column 
Decoder stage is steered to only one of the ten Column 
Digital Data outputs to determine the size of the character 
which will be displayed on the CRT. This size is fixed by 
the value of R1156. When a display-skip signal is present 
(collector of Q115S HI), pin 9 is pulled HI through 
CR1 155. This ensures that no current is connected to the 
Character Generator stage under this condition. Notice the 
corresponding input on the Row Decoder. This input is 
connected to ground and causes only one of the ten row 
outputs to saturate to ground. 

The network at the input of the Row Decoder stage 
made up of 01185 and its associated components is a Row 
13 detector which produces the Jump command. This row 
current is encoded by special-purpose plug-ins to cause all 
or part of a word to be jumped. Whenever row 13 (thirteen 
units of row current; 1.3 milliamperes) is encoded, the base 
of 01 185 is pulled negative enough so that this transistor is 
reverse biased to produce a HI Jump output at its collector. 
This Jump command is connected to the Word T rigger stage 
(diagram 12) to advance the Channel Counter stage to the 
next word. 

Zeros Logic and Memory 

The Zeros Logic and Memory stage U1190 stores data 
encoded by the plug-ins to provide zeros-adding and prefix- 
shifting logic for the Readout System. The Strobe pulse at 
pin IS goes positive when the data has stabilized and can be 
inspected. This activates the Zeros Logic and Memory stage 
so it can store the encoded data. A block representation of 
the memory sequence is shown in Fig. 3-47. Typical output 
waveforms for the five possible input conditions That can 
occur are shown in Fig. 3-48. When time-slot 1 occurs, a 
store command is given to all of the memories. If the plug- 
in unit encoded data for column 1, 2, 3, 4 and 10 during 
time-slot 1, the appropriate memory (or memories) is set. 
Notice that row 3 information from the Row Decoder stage 
must also be present at pin 16 for data to be stored in the 
memory of U1190. If data was encoded during time-slot 1, 
a negative-going output is produced at pin 7 as the 
memories are being set. This negative-going pulse is con- 
nected to the base of 01152 in the Display-Skip Generator 
stage to produce a Display-Skip output. Since the informa- 
tion that was encoded durirtg time-slot 1 was only provided 
to set the memories and was not intended to be displayed 
on the CRT at this time, the display-skip output prevents a 
readout display during this time-slot. 

During time-slot 6, memory A is interrogated. If infor- 
mation was stored in this memory, a positive-going output 
is produced at pin 7. This pulse is connected to pin 10 of 
the Column Decoder stage through 01 163 to add one unit 
of current at the input of the Column Decoder stage. This 
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produces a zero after the character display on the CRT 
during time-slot 4. During time-slot 6, memory B is interro- 
gated to see if another zero should be added. If another 
zero is necessary, a second positive output is produced at 
pin 7 which again results in a column 1 output from the 
Column Decoder stage and a secortd zero in die CRT 
display. 

Finally, memory C is interrogated during time-slot 8 to 
obtain information on whether the prefix should be re- 
duced or left at the value which was encoded. If data has 
been encoded which calls for a reduction in prefix, a 
negative-going output level is produced at pin 7. This 
negative level subtracts one unit of column current from 
the data at the input to the Column Decoder stage. Notice 
on the Character Selection Matrix of Fig. 3-38 that a reduc- 
tion of one column when row 4 is programmed results in a 
one unit reduction of the prefix. For example, with the 100 
pV program shown in Fig. 3-45. if the data received from 
the plug-in called for a reduction in prefix the CRT readout 
would be changed to 1 mV (zeros deleted by program; see 
Encoding the Data). 



The 100 microamperes of quiescent current through 
R1141 that was provided by Q1163 (see Display-Skip 
Generator} allows the prefix to be reduced from m (1(XI 
microamperes column current; column 1 ) to no prefix (zero 
column current; column zero) so only the unit of measure- 
ment encoded during time slot 9 is displayed. Notice that 
reducing the prefix program from column 1 to column 0 
programs the Readout System to not display a character at 
this readout location. 



A further feature of the Zeros Logic and Memory stage 
is the Identify function, if 10 units of column current are 
ertcoded by the plug in unit along with row 3 during time- 
slot 1. the Zeros Logic and Memory stage produces a 
negative-goir>g output pulse at pin 1 which switches the 
Column Data Switch and Row Data Switch stages to the 
ninth channel. Then, time-slot pulses 2 through 9 encode an 
output current through resistors R1131-R1138 for column 
data and R1171-R1178 for row data. This provides the 
currents necessary to display the word IDENTIFY on the 
CRT in the word position allotted to the channel which 
originated the Identify command. After completion of this 
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Fig. 3-47. Slock rcprnenutien of memory nquonee in U1190. 
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Fig. 3-48. Typiesl output wnaforms for Ztroi Logic and Mamory stag* oparatien (at pin 7 of U1190). 
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word, the Column Data Switch and Row Data Switch 
continue with the next word in the sequence. 



The Word Trigger signal from the Word Trigger stage is 
connected to pin 9 of U 1190 through Cl 190. At the end of 
each word of readout information, this pulse goes low. This 
erases the four memories in the Zeros Logic and Memory 
stage in preparation for the data to be received from the 
next channel. 



Character Generators 

The Character Generator stage consists of five similar 
integrated circuits U1251-U1255 which produce the X 
(horizontal) and Y (vertical) outputs at pins 16 and 1 
respectively to produce die character displayed on the 
CRT. Each integrated circuit can produce 10 individual 
characters. For example, U1251 which is designated as the 
"Numerals" Character Generator can produce the numerals 
0 through 9 shown in row 1 of the Character Selection 
Matrix (Fig. 3-38). U12S2 can produce the symbols shown 
in row 2 of the Character Selection Matrix and U1253 pro- 
duces the prefixes and some letters of the alphabet which 
are used as prefixes in row 4. U1254 and U125S produce 
the remaining letters of the alphabet shown in rows 5 and 6 
of the Character Selection Matrix. All of these stages 
receive the column digital data from the Column Decoder 
stage U 1 1 66. However, only one of the character generators 
receives row data at a particular time. Therefore, only die 
stage which receives both row and column data is enabled. 
For example, if column 2 is encoded by the plug-in, the five 
Character Generators are enabled so that either a 1, <, p, V, 
or an N can be produced. However, if at the same time row 
4 has also been encoded by the plug in, only the Prefix 
Character Generator U1253 will pri^uce an output to 
result in a p displayed on the screen. This integrated circuit 
provides current outputs to the Format Generator stage 
which produce the selected character on the CRT. In a 
similar manner, any of the 50 characters shown in the 
Character Selection Matrix can be displayed by correct 
addressing of the row and column. 



Decimal Point Logic and Character Position 
Counter 

The Decimal Point Logic and Character Position Counter 
stage U1260 performs two functions. The first function is 
to produce a staircase current which is added to the X 
(horizontal) signal to space the characters horizontally on 
the CRT. After each character is generated, the negative- 
going edge of the Ready signal at pin 5 advances the 
Character Position Counter. This produces a current step 
output at pin 3 which, when added to the X signal, causes 
the next character to be produced one character space to 
the right. This stage can also be advanced when a Space 
instruction is encoded by the plug-in unit so that a space is 
left between the displayed characters on the CRT. Row 10 
information from the Row Decoder stage is connected to 



pin 4 of U1260 through R1265. When row 10 and column 
0 are encoded, the output of this stage advances one step to 
move the next character another space to the right. How- 
ever, under this condition, no display is produced on the 
CRT during this time slot. 

Time-slot pulses 1, 2, and 3 are also connected to pin 4 
of U1260 through VR1260, VR1261, and VR1262 respec- 
tively and R1260, R1265. This configuration adds a space 
to the displayed word during time-slots 1, 2, and 3 even if 
information is not encoded for display during these time- 
slots. With this feature, the information whi^ is displayed 
during time-slot 4 (1-2-5 data) always starts in the fourth 
character position whether data has been displayed in the 
previous time slots or not. Therefore, the resultant CRT 
display does not shift position as normal/invert or cal/uncal 
information is encoded by the plug-in. The Word Trigger 
pulse connected to pin 8 of U1260 through C1267 returns 
the Character Position Counter to the first character posi- 
tion at the end of each word. 



The Decimal Point Logic portion of diis stage allows 
decimal points to be added to the CRT display as encoded 
by the plug in units. When row 7 is encoded in coincidence 
with columns 3 through 7 (usually encoded during time-slot 
1), a decimal point is placed at one of the five locations on 
the CRT identified in row 7 of the Character Selection 
Matrix (Fig. 3-38). This instruction refers to the decimal 
point location in relation to the total number of characters 
that can be displayed on the CRT (see Fig. 3-49). For 
example, if column 3 and row 7 are encoded during time- 
slot 1, the system is instructed to place a decimal point in 




Fig. 349. Readout word ralatirte 10 powbla charaetar locations to 
tha dacimal point Initruetions that can ba aneodad. and tha raiutt- 
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location #3. As shown in Fig. 3*49, this displays a decimal 
point before the third character that can be displayed on 
the CRT (first three time-slots produce a space whether 
data is encoded or not; see previous paragraph). The 
simultaneous application of row 7 data to the Y-input of 
the Format Generator stage through R1269 raises the 
decimal point so it appears between the displayed 
characters. 



When decimal-point data is ertcoded, the CRT is un- 
blanked so a readout display is presented. However, since 
row 7 does not activate any of dte five Character Genera- 
tors, the CRT beam is not deflected but instead remains in 
a fixed position to display a decimal point between the 
characters along the bottom line of the readout word. After 
the decimal point is produced in the addressed location, the 
CRT beam returns to the location irtdicated by the Chara- 
cter Position Counter to produce the remainder of the 
display. 

Format Generator 

The X- and Y-deflection signals produced by the Charac- 
ter Generator stage, are connected to pins 2 and 7 respec- 
tively of the Format Generator stage LI1270. The Channel 
Address Code from the Channel Counter stage is also 
connected to pins 1. 8 and 15 of this stage. The Channel 
Address Code adds current to the X and Y signals to deflect 
the CRT beam to the area of the CRT which is associated 
witii the plug-in channel that originated the information 
(see Fig. 3-37). The Channel Address Code and the result- 
ant word positions are shown in Table 3-4. in addition, the 
character position current from the Decimal Point (.ogic 
and Character Position stage is added to the X (horizontal) 
input signal to space the characters horizontally on the 
CRT (see previous discussion). The Ready signal at pin 13 
activates this stage so it can produce an output at the same 
time that the Timer stage produces the signal to disconnect 
the plug-in signals from the vertical ar>d horizontal deflec- 
tion systems. 

Y-Output Amplifier 

The Y-output signal at pin 6 of U1270 is connected to 
the Y-Output Amplifier Q1284-Q1288. This stage provides 
a low impedance load for the Format Generator while pro- 



TABLE 3-4 



Channel Address Code to 
Format Gerterator Stage 



Pin 7 
U1232 


Pin 7 
U1231 


1 

Pin 5 
U1230 


Channel 

Displayed 


LO 


LO 


HI 


Channel 1 
Left Vertical 


16 


LO 


LO 


Channel 2 
Left Vertical 


LO 


HI 


HI 


Channel 1 
Right Vertical 


LO 


HI 


LO 


Channel 2 
Right Vertical 


HI 


LO 


HI 


Channel 1 
A Horizontal 


HI 


LO 


LO 


Channel 2 
A Horizontal 


HI 


HI 


HI 


Channel 1 
8 Horizontal 


HI 


HI 


LO 


Channel 2 
B Horizontal 



viding isolation between the Readout System and the Verti- 
cal Amplifier. The Vertical Separation adjustment R1285 
changes the gain of this stage to control the vertical separa- 
tion between the words displayed at the top and bottom of 
the graticule area. 

X-Output Amplifier 

The X-Output Amplifier Q1274-Q1278 operates simi- 
larly to the Y-Output Amplifier to provide the horizontal 
deflection from the readout signal available at pin 4 of 
U1270. The gain of this stage is fixed by the values of the 
resistors in the circuit. 



Display Sequence 

Fig. 3-50 shows a flow chart for the Readout System. 
This chart illustrates the sequence of events which occurs in 
the Readout System each time a character is generated and 
displayed on the CRT. 
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SECTION 4 
MAINTENANCE 



7704 



Change information, if any. affecting this section will be found at the rear of the manual. 



Introduction 

This section of the manual contains maintenance infor- 
mation for use in preventive maintenance, corrective main- 
tenance or troubleshootir>g of the 7704. 



Panel Removal 




Dangerous potentials exist at several points through- 
out this instrument. When tfie instrument is operated 
with the covers removed, do not touch exposed con- 
nections or comportents. Some transistors have volt- 
ages present on their cases. Disconnect power before 
cleaning dte instrument or replacing parts. 

The side panels of the 7704 are held in place by four 
slotted fasteners. To remove d>e panels, turn each fastener 
counterclockwise a quarter turn with a large screwdriver, 
coin, or similar device. Then, pull the panel out at the top 
and lift away from the instrument. The bottom panel is 
held in place with eight slotted fasteners. This panel can be 
removed to gain access to the bottom areas of the instru- 
ment. The panels protect this instrument from dust in the 
interior, and also provide protection to personnel from the 
operating potentials present. They also reduce the EMI 
radiation from the instrument or EMI interference to the 
display due to other equipment. 

Swing-Down Chassis 

A swing-down chassis on the right side of this instrument 
provides access to the Calibrator, Horizontal Output and 
High Voltage/Z-Axis Amplifier circuit boards and the high- 
voltage compartment. This chassis is held in place by three 
captive securing screws. Be sure these securirtg screws are 
tightened firmly before the right side panel is replaced. 

Power-Unit Removal 

The power -unit can be slid out of the rear of the 7704 to 
gain better access to the Logic, Vertical Switching and X-Y 
Delay Compensation circuit boards. CRT socket and for 
power-unit maintenance. To remove the power unit, first 
lower the swing-down chassis. Then, remove the four screws 
(see Fig. 4-1) which hold the power -unit to the rear frame 
of the instrument. Slide die power-unit out of the rear of 
the instrument until it can be set down on the work surface 
(guide the power cable so it does not catdi on other parts 



of the instrument). The power-unit remains connected to 
the rest of the instrument so that it can be operated in this 
position for maintenance purposes. Reverse this procedure 
when replacing the power-unit; be careful not to pinch the 
power cable as the power-unit is replaced. Be sure that all 
the securing screws are tight to hold the power-unit in place 
properly. 




Extreme caution must be used when troubleshooting 
in the power supply due to the line voltage and the 
high voltage/high current potentials present. Refer to 
the discussion entitled Troubleshooting the Power 
Supply for troubleshooting information, and Access 
to Components in Power Unit for information on 
how to remove the protective cover/shield on the 
power unit. 

PREVENTIVE MAINTENANCE 

General 

Preventive maintenance consists of cleaning, visual In- 
spection, lubrication, etc. Preventive maintenance per- 
formed on a regular basis may prevent instrument break- 
down and will improve the reliability of this instrument. 
The severity of the environment to which the 7704 is sub- 
jected determines the frequency of maintenance. A con- 
venient time to perform preventive maintenance is pre- 
ceding recalibration of the instrument. 

Cleaning 

General. The 7704 diould be cleaned as often as oper- 
ating conditions require. Accumulation of dirt in the instru- 
ment can cause overheating and component breakdown. 
Dirt on components acts as an insulating blanket and pre- 
vents efficient heat dissipation. It also provides an electrical 
conduction path which may result in instrument failure. 
The side panels provide protection against dust in the in- 
terior of the instrument. Operation without the panels in 
place necessitates more frequent cleaning. 




Avoid the use of chemical cleaning agents which 
might damage the plastics used in this instrument. In 
particular, avoid chemicals which contain benzene, 
toluene, xylerK, acerone or similar solvents. 
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Fig. 4-t. Securing Krawt for porire r unit (rear of inMrumentl. 



Exterior. Loose dust accumulated on tiie outside of the 
7704 can be removed with a soft cloth or small paint brush. 
The paint brush is particularly useful for dislodgirtg dirt on 
and around the front-panel controls. Dirt which remains 
can be removed with a soft cloth dampened in a mild deter- 
gent and water solution. Abrasive cleaners should not be 
used. 



CRT. Clean the plastic light filter, faceplate protector 
and the CRT face with a soft, lint-free cloth dampened wid> 
denatured alcohol. 



The CRT mesh filter (furnished with Option 3 only) can 
be cleaned in die following manner 

1. Hold the mesh filter in a vertical position and brush 
lightly with a soft #7 water-color brush to remove light 
coatings of dust or lint. 

2. Greasy residues or dried-on dirt can be removed with 
a solution of warm water and a neutral-pH liquid detergent. 
Use the brush to lightly scrub the filter. 



3. Rinse the filter thoroughly in clean water and allow 
to air dry. 

4. If any lint or dirt remains, use clean low-pressure air 
to remove it. Do not use tweezers or other hard cleaning 
tools on the fitter, as the special finish may be damaged. 



5. When not in use, store the mesh filter in a lint-free, 
dust-proof container such as a plastic bag. 

Interior. Oust in the interior of the instrument should 
be removed occasionally due to its electrical conductivity 
under high-humidity conditions. The best way to clean the 
interior is to blow off the accumulated dust with dry, low- 
pressure air. Remove any dirt which remains with a soft 
paint brush or a cloth dampened with a mild detergent and 
water solution. A cotton-tipped applicator is useful for 
cleaning in narrow spaces or for cleaning ceramic terminal 
strips and circuit boards. 



The high-voltage circuits, particularly parts located in 
the high-voltage compartment and the area surrounding the 
post-deflection anode leads, should receive special atten- 
tion. Excessive dirt in these areas may cause high-voltage 
arcing and result in improper instrument operation. 

Lubrication 

General. The reliability of potentiometers, switches and 
other moving parts can be maintained if they are kept 
properly lubricated. However, over lubrication is as detri- 
mental as too little lubrication. A lubrication kit containing 
the necessary lubricants and instructions is available from 
Tektronix, Inc. Order Tektronix Part No. (X)3-0342-0l . 

Visual Inspection 

The 7704 should be inspected occasionally for such de- 
fects as broken connections, broken or damaged ceramic 
strips, improperly seated semiconductors, damaged or im- 
properly installed circuit boards, and heat-damaged parts. 

The corrective procedure for most visible defects is 
obvious: however, particular cars must be taken if heat- 
damaged components are found. Overheating usually Indi- 
cates other trouble in the instrument: therefore, it is impor- 
tant that the cause of overheatigg be corrected to prevent 
recurrence of the damage. 

Semiconductor Checks 

Periodic checks of the semiconductors in the 7704 are 
not recommended. The best check of semiconductor per- 
formance is actual operation in the instrument. More details 
on checking semiconductor operation are given under 
troubleshooting. 

Recalibration 

To assure accurate measurements, check the calibration 
of this instrument after each 1(X)0 hours of operation or 
every six months if used infrequently. In addition, replace- 
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ment of components may necessitate recalibration of the 
affected circuits. The calibration procedure can also be 
helpful in localizing certain troubles in the instrument. In 
some cases, minor troubles may be revealed ar>d/or correc- 
ted by recalibration. 

An elapsed-time meter is installed on the Low-Voltage 
Regulator circuit board {on right side of instrument). This 
meter provides a full-scale indication of 5,000 hours of 
operating time and can be used to indicate when recalibra- 
tion is necessary. Each minor division on this meter indi- 
cates 250 hours of operation. When die elapsed-time meter 
reaches 5,000 hours (full scale), it should be replaced. 



TROUBLESHOOTING 

Introduction 

The following information is provided to facilitate 
troubleshooting of the 7704. Information contained in 
other sections of this manual should be used along with the 
following information to aid in locating the defective 
component. An understanding of the circuit operation is 
very helpful in locating troubles, particularly where inte- 
grated circuits are used. See the Circuit Description section 
for complete information. 

Troubleshooting Aids 

Diagrams. Complete circuit diagrams are given on fold- 
out pages in the Diagrams section. The component number 
and electrical value of each component in this instrument 
are shown on the diagrams. Each main circuit is assigned a 
series of component numbers. Table 4-1 lists the main cir- 
cuits in the 7704 and the series of component numbers 
assigned to each. Important voltages and waveforms are also 
shown on the diagrams. The portions of the circuit 
mounted on circuit boards are enclosed with blue lines. 

Cam-type Switch Contact Identification. Switches 
shown on the diagrams are coded to indicate the position of 
the contact in the complete switch assembly counting from 
the front, or mounting end of the switch, toward the rear. 
The contact closure chart given on the diagrams indicates 
when each contact is closed. 



Circuit Boards. Figs. 4-9 through 4-26 show the circuit 
boards used in the 7704. Fig. 4-8 shows the location of 
each board within die instrument. Each electrical compo- 
nent on the boards is identified by its circuit number. The 
circuit boards are also outlined on the diagrahis with a blue 
line. These pictures, used along with the diagrams, aid in 
locating the components mounted on the circuit boards. 

Wiring Color-Code. All insulated wire and cable used in 
the 7704 is color<oded to facilitate circuit tracing. Table 
4-2 gives the wiring color-code used in diis instrument. 



TABLE 4-1 



Component Numbers 



Component numbers 
on diagrams 


Diagram 

number 


Circuit 


1-49 


1 


Main Interface 


100-199 


2 


Loaic Circuit 


300-349 


3 


Triooer Selector 


200-299 


4 


Vertical Interface 


400-499 


5 


Vertical AmoHfier 


50-99 

350-399 


6 


Horizontal Interface 


500-599 


7 


Horizontal Amplifier 


600-699 


8 


Output Signals and 
Calibrator 


700-799 


9 


CRT Circuit 


800-899 


10 


Line to DC Converter/ 
Regulator 


900-999 


11 


Low-Voltaqe Regulator 


1000-1099 


12 


Controls and Cabling 


1200-1249 


13 


Seauencing Logic 


1100-1199 


14 


Data Collection 


1250-1299 


15 


Character Generators 
and Output 



TABLE 4-2 

WIRING COLOR CODE 



Supply or 


Background 


Stripe' 


Function 


Color 




—50 volt 


Violet 1 


Brown 


— 16 volt 


Violet 


Black 


-1-5 volt ' 


Red 


Black 


-••15 volt 


Red 


Brown 


-••50 volt 


Red 


Orange 


■••75 volt 


Red 


Yellow 


-••150 volt 


Red 


Green 


Chassis around 


Black’ 


Footnote 3 


Safety ground 


Green 


Yellow 


AC (internal) 


Gray’ 


Footnote 4 


Bulb filaments 


Brown 


Footnote 4 


Signal leads 


White’ 


Footnote 4 



'll more than ont stripe appears on lead, extra itripei are for lead 
idantification only {for circuit traeine) . 

^Sat WARNING nott concerning power-cord color code. 

^White stripe indicetes floating (signell grourtd. 

*AII stripes for lead identification only (for circuit tracing). 
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Fig. 4-2. Colof -code for reiistort and eeramw eapaciiors. 




Thi$ color code applies to leads witftin the 7704 only. 

Color code of the AC power cord is: 

Black Line 

White Neutral 

Green Safety earth (ground! 

Resistor Color-Code. In addition to the brown composi- 
tion resistors, some metal-film resistors and some wire- 
wound resistors are used in the 7704. The resistance values 
of wire-wound resistors are printed on the body of the 
compor>ent. The resistance values of composition resistors 
and metal-film resistors are color-coded on the components 
with EIA color-code (some metal-film resistors may have 
the value printed on the body). The color -code is read 
starting with the stripe nearest the ertd of the resistor. Com- 
position resistors have four stripes which consist of two 
significant figures, a multiplier and a tolerance value (see 
Fig. 4-2). Metal-film resistors have five stripes consisting of 
three significant figures, a multiplier and a tolerance value. 

Capacitor Marking. The capacltar>ce values of common 
disc capacitors and small electrolytks are marked in micro- 
farads on the side of the component body. The white 
ceramic capacitors used in the 77(M are color-coded in pico- 
farads using a modified EIA code (see Fig. 4-2). 



Diode Color-Code. The cathode ertd of each glass- 
encased diode is indicated by a stripe, a series of stripes or a 
dot. For most silicon or germanium diodes with a series of 
stripes, the color-code identifies the three significant digits 
of the Tektronix Part Number using die resistor color -code 
system (e.g., a diode colorcoded pink-, or blue-, brown- 
gray-green indicates Tektronix Part Number 152-0185-(X)). 
The cathode and anode ends of metal-encased diodes can be 
identified by the diode symbol marked on the body. 

Semiconductor Lead Configuration. Fig. 4-3 shows the 
lead configuration for the semiconductors used in this 
instrument. This view is as seen from the bottom of the 
semiconductors. 



Troubleshooting Equipment 

The following equipment is useful for troubleshooting 
the 7704. 



1. Transistor Tester 

Description; Dynamic-type tester. Must be capable of 
measuring reverse breakdown voltages of at least 400 volts. 
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Fig. 4-3. Elaetrodt conligurition (or wtnieonduetort in this inttrumsnl. 
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Purpose: To test the semiconductors used in this 
instrument. 

Recommended type: Tektronix Type 576 Transistor- 
Curve Tracer. 



2. Multimeter 

Description: VTVM, 10 megohm input impedance ar>d 0 
to 500 volts range, AC and DC; ohmmeter, 0 to 50 meg- 
ohms. Accuracy, within 3%. Test probes must be insulated 
to prevent accidental shorting. 

Purpose: To check voltages arxl for general trouble- 
shooting in this instrument. 

NOTE 

A 20,000 ohms/volt WOM can be used to check the 
voltages in this instrument if allowances are made for 
the circuit loading of dte VOM at high-impedance 
points. 



3. Test Oscilloscope 

Description; Frequency response. DC to 50 megahertz 
minimum; deflection factor, 5 millivolts to 5 volWdivision 
and 1 milliampere to 1 ampere/division. A 10X, 10- 
megohm voltage probe should be used to reduce circuit 
loading for voltage measurements. 

Purpose: To check operating waveforms in this 
instrument. 

Recommended type: Tektronix 7504 Oscilloscope with 
7A16 Amplifier, 7A14 Current Probe Amplifier, and 7850 
Time Base plug-in units. Use a P6053 1 0X probe arxJ a 
P6021 Current Probe. 

4. Isolation Transformer 

Description: 1:1 turns ratio. 500 volt-amperes minimum 
rating. 50-60 cycle. Must have three-wire power cord, plug, 
and receptacle with ground connection carried through 
from input to output. 

Purpose: To isolate the 7704 from the line potential 
when troubleshooting in the power supply. 

Recommended type: StarKor #P6298 (for 115-volt line 
only) modified to include three-wire power cord, plug, arvi 
receptacle. 

5. Variable Autotransformer 

Description: Output variable from 0 to 140 volts, 10 
amperes minimum rating. Must have three-wire power cord, 
plug, and receptacle. 



Purpose: To vary the input line voltage when trouble- 
diooting in the power supply. 

Recommended type: General Radio W10MT3W Metered 
Variac Autotransformer. 

Troubleshooting Techniques 

This troubleshooting procedure is arranged in an order 
which checks the simple trouble possibilities before 
proceeding with extensive troubleshooting. The first few 
checks assure proper connection, operation and calibration. 
If the trouble is not located by these checks, the remaining 
steps aid in locating the defective component. When the 
defective component is located, it should be replaced 
following the replacement procedures given under Correc- 
tive Maintenance. 



1. Check Control Settings. Incorrect control settings 
can indicate a trouble that does not exist. If there Is any 
question about the correct function or operation of any 
control, see the Operating Instructions section. 

2. Check Associated Equipment. Before proceeding 
with troubleshooting of the 7704, check that the equip- 
ment used widi this instrument is operating correctly. 
Check that die signal is properly connected and that the 
interconnecting cables are not defective. Also, check the 
power source. The associated plug-in units can be checked 
for proper operation by substituting other units which are 
known to be operating properly (preferably of the same 
types). If the trouble persists after substitution, the 7704 is 
probably at fault. 

3. Visual Check. Visually check the portion of the 
instrument in which the trouble is located. Many troubles 
can be located by visual indications such as unsoldered con- 
nections, broken wires, damaged circuit boards, damaged 
components, etc. 

4. Check Instrument Calibration. Check the calibration 
of this instrument, or the affected circuit if the trouble 
appears in one circuit. The apparent trouble may only be a 
result of misadjustment or may be corrected by calibration. 
Complete calibration instructions are givpn in the Calibra- 
tion section. 



5. Isolate Trouble to a Circuit. To isolate trouble to a 
particulv circuit, note the trouble symptom. The symptom 
often identifies the circuit in which the trouble is located. 
For example, poor focus indicates that the CRT circuit 
(includes high voltage supplies) is probably at fault. When 
trouble symptoms appear in more than one circuit, check 
affected circuits by taking voltage and waveform readings. 
Also check for the correct output signals at the front-panel 
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output connectors with a test oscilloscope. If the signal is 
correct, the circuit is working correctly up to that point. 
For example, correct sawtooth output indicates that the 
time-base unit and sawtooth out portion of the Output 
Signals circuit is operating correctly. 



Incorrect operation of ail circuits often indicates trouble 
in the power supply. Check first for correct voltage of the 
irKfividual supplies. However, a defective component else- 
where in the instrument can appear as a power-supply 
trouble and may also affect the operation of other circuits. 
Table 4-3 lists the tolerances of the power supplies in this 
instrument. These voltages are measured between the 
power -supply test points (on Low-Voltage Regulator board) 
to the ground test point on this board. See Fig. 4-4 for 
power supply test point location. If a power -supply voltage 
is within the listed tolerance, the supply can be assumed to 
be working correctly. If outside the tolerance, the supply 
may be misadjusted or operating incorrectly. Use the pro- 
cedure given in the Calibration section to adjust the power 
supplies. 

NOTE 

See the specific informexion on Troubleshooting the 

Power Supply in this section for further information. 

Fig. 4-5 provides a guide for locating a defective circuit. 
Start from the top of the chart and perform the given 



TABLE 4-3 

Power Supply Tolerance and Ripple 
(referenced to TPGND) 



Povrer Supply 


Test point 
(see Fig. 4-4} 

1 


Tolerance 


Maximum ripple 
(peak -to -peak) 


—50 volt 


TP -50 


±0.10 volts 


5 millivolts 


— 15 volt 


TP -15 


±0.75 volts 


2 millivolts 


•fS volt 


TP +5 


±0.15 volts 


2 millivolts 


■US volt 


TP+15 


±0.30 volts 


2 millivolts 


-fSO volt 


TP +50 


±0.60 volts 


5 millivolts 


+75 volt 


TP +75 


±2.25 volts 


200 millivolts 


+ 150 volt 


TP +150 


±6.0 volts 


300 millivolts 



checks on the left side of the page until a step is found 
which does not produce the ir>dicated results. Further 
checks and/or the circuit in which the trouble is probably 
located are listed to the right of this step. This chart does 
not include checks for all possible defects; use steps 6 and 7 
or d>e Special Troublediooting Information in such cases. 

After the defective circuit has been located, proceed 
with steps 6 arxJ 7 to locate the defective component(s). 



6. Check Voltages and Waveforms. Often the defective 
component can be located by checking for the correct volt- 
age or waveform in the circuit. Typical voltages and wave- 
forms are given on the diagrams. 




Fig. 4-4. LoMtion of powor-fwpply tMt peinti on Low-Voltae* R«eul«lor board. 



4-7 












Fig. 4-S. TroubiMhoolmg chart for 7704. 
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NOTE 

Voltages and waveforms given on the diagrams are 
not absolute and may vary sli^dy between instru- 
ments. To obtain operating conditions similar to 
those used to take these readings, see the first dia- 
gram page. 

7. Check Individual Components. The following proce- 
dures describe methods of checkirtg individual components 
in the 7704. Components which are soldered in place are 
best checked bv first disconnecting one end. This isolates 
the measurement from the effects of surrounding circuitry. 

A. SEMICONDUCTORS. 




Power switch must be turned off before removing or 

replacing semiconductors. 

A good check of transistor operation is actual perform- 
ance under operating conditions. A transistor can most 
effectively be checked by substituting a new component for 
it (or one which has been checked previously). However, be 
sure that circuit conditions are not such that a replacement 
transistor might also be damaged. If substitute transistors 
are not available, use a dynamic tester. Static-type testers 
are not recommended, since they do not check operation 
urtder simulated operating conditions. 

Integrated circuits can be checked with a voltmeter, test 
oscilloscope, or by direct substitution. A good under- 
standing of the circuit description is essential to trouble- 
shooting circuits using integrated circuits. In addition, 
operating waveforms, logic levels ar>d other operating infor- 
mation for the integrated circuits are given in the Circuit 
Description section. Use care when checking voltages and 
waveforms arour>d the integrated circuits so that adjacent 
leads are not shorted together. A convenient means of 
clipping a test probe to the 14- and 16-pin integrated cir- 
cuits is with an integrated-circuit test clip. This device also 
doubles as an integrated-circuit extraction tool. 

B. DIODES. 

A diode can be checked for an open or shorted condi- 
tion by measuring the resistance between terminals. With an 
ohmmettr scale having an internal source of between 800 
millivolts and 3 volts, the resistance should be very high in 
one direction and very low when the meter leads are 
reversed. 

Do not use an ohmmeter scale that has a high internal 
current. Hi^ currents may damage the diode. 



C. RESISTORS. 

Check the resistors with an ohmmeter. See the Electrical 
Parts List for the tolerance of the resistors used in this 
instrument. Resistors normally do not need to be replaced 
unless the measured value varies widely from the specified 
value. 



D. INDUCTORS. 

Check for open inductors by checking continuity with 
an ohmmeter. Shorted or partially shorted inductors can 
usually be found by checking the waveform response when 
high-frequency signals are passed through the circuit. Partial 
tf)orting often reduces high-frequency response (roll-off). 

E. CAPACITORS. 

A leaky or shorted capacitor can best be detected by 
checking resistance with an ohmmeter on the highest scale. 
Do not exceed the voltage rating of the capacitor. The 
resistance reading should be high after initial charge of the 
capacitor. An open capacitor can best be detected with a 
capacitance meter or by checking if the capacitor passes AC 
signals. 

8. Repair and Readjust the Circuit. If any defective 
parts are located, follow the replacement procedures given 
in this section. Be sure to dteck the performance of any 
circuit that has been repaired or that has had any electrical 
components replaced. 

Special Troubleshooting Information 

Gerteral. The followirtg information provides a step-by- 
step procedure to aid in the troubleshooting of some of the 
more complex circuits artd/or systems in the 7704. A 
thorough understartdir>g of the circuit operation is essential 
before troubleshooting in these areas. Read the ^plicable 
portions of the Circuit Description in Section 3 before 
proceeding with troubleshooting. This troubleshooting 
procedure refers to the diagrams, operating voltages, and 
waveforms given in Section 7. Specifications for the 
troubleshooting equipment referred to in diese procedures 
are given earlier in this section under Troubleshooting 
Equipment. 

Troubleshooting the Power Supply. The following pro- 
cedure gives a guide to troubleshooting the Power Supply 
of the 7704. 




Lifte AC and stored DC potentials are present inside 
the power-unit. The stored DC remains long after the 
instrument is disconnected from the power source. 
Read the following instructions completely before 
attemptif)g maintenance with the power-unit cover 
removed. 
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1. Isolating the Trouble 

1.1 Inspect the Line Selector assembly on the rear panel 
of the instrument to verify that the switch is in the 
correct position for the applied line voltage. 

1.2 Verify that the applied line voltage and frequency 
are within the specified limits. 

1.3 Set the POWER switch to the off position and 
remove the cover from the Line Selector assembly 
on the rear panel. 

1.4 Inspect the fuses in the Line Selector assembly 
cover. If either fuse is open, install a new fuse of the 
correct value (see Table 4-4). Replace the Line 
Selector cover. 

1.4.1 If the LINE fuse is open, do steps 3.1 — 3.9 
inclusive; then go directly to step 4.1. 

1.4.2 If the INVERTER fuse is open, do steps 3.1 
— 3.9 inclusive: then go directly to step 5.1. 

1.5 If neither fuse is open, remove all plug-in units from 
the instrument and set the following front-panel 
controls: 

CONTROL ILLUM LOW 

GRAT ILLUM Fully clockwise 

1.6 Set POWER switch to ON. 



1.6.1 If instrument comes on ar>d stays on (front- 
panel lights stay on), proceed to step 2.1. 

1.6.2 If instrument does not come on or does not 
stay on, do steps 3.3 — 3.9 inclusive; then go 
directly to step 5.1. 

2. Low-Voltage Regulator Check 

2.1 Set the POWER switch to the off position and re- 
move die right side cover from the instrument. 

2.2 Inspect the Low-Voltage Regulator board for any 
visible signs of failure. Check the fuses on this board 
and the ■•■S Volt Lamps fuse FI 040 to be sure they 
are good. 

2.3 Set the POWER switch to ON. Then, measure the 
output of each supply between the designated test 
point (see Fig. 4-4) and the ground test point with 
the voltmeter. Tolerance for each supply is given in 
Table 4-3. 

NOTE 

The +75- and +150-volt outputs are derived directly 

from the Line to DC Converter/Regulator circuit and 

® 



are not regulated on dte Low-Voltage Regulator 
board. If either of these supplies is out of tolerance, 
the double is probably in dte Inverter stage. Do steps 

3.1 - 3.9 inclusive; then go directly to step 5. 1. 

2.4 If all supplies are proportionately low, do steps 

3.1 — 3.9 irKlusive; ^en go directly to step 4.1. 

2.5 If one supply is noticeably lower than the rest, 
check for an overload condition on this supply. An 
overload may cause a supply to operate in a current 
limiting mode which will reduce its output voltage. 
If no overload is apparent, check the semi-regulated 
voltage reaching the applicable regulator stage from 
the Line to DC Converter/Regulator circuit. This 
can best be done by lowering the swing-down 
chassis and measuring the input voltage between the 
inter -connecting pin which connects the power-unit 
to the Low-Voltage Regulator board (see diagram 
for correct pin) and the power-supply test point. 
For example, the semi-regulat;ed voltage for the 
-•-S-Volt Supply is measured between pin SW and 
TP-i^S. Typical values for the semi-regulated voltage 
are given on the diagrams. 

2.5.1 If the semi-regulated voltage measures low, do 
steps 3.1 - 3.9 inclusive; then go directly to 
step 5.5. 

2.5.2 If the semi-regulated voltage is correct but the 
output of the supply remains high or low, 
make the following checks: 

2.5.2.1 Measure die voltage between the 
semi-regulated input voltage intercon- 
necting pin and TP GND (e.g., note 
voltage at pin SW). Compare the re- 
sults to the voltages given on the 
diagrams. 

2.5.2.2 If above check does not locate the 
fault, check the applicable regulator 
circuit using the voltages given on the 
diagrams. 



3. Test Set-Up for Troubleshooting the Line to DC 
Converter/Regulator Circuit 

3.1 Remove all plug-in units from the instrument. 

3.2 Set the following front-panel controls: 

CONTROL ILLUM LOW 

GRAT ILLUM Fully counterclockwise 

POWER Off 

3.3 Connect the isolation transformer to a grounded 
power outlet. If die isolation transformer has a 
power switch, set it to the off position. Isolation 
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transformer must have a three-wire power cord, 
plug, and receptacle. 

3.4 Connect the autotransformer to the power recep- 
tacle of the isolation transformer. Set the power 
switch of the autotransformer to off and set the 
output-voltage control so it will provide an output 
of about 115 volts. 

3.5 Connect the 7704 line cord to the autotransformer 
power receptacle. Be sure that the 7704 POWER 
switch is off. 

3.6 Remove the four screws from the lower portion of 
the rear panel artd slide the power-unit out of the 
instrument. 

3.7 Verify that a ground connection exists from the 
chassis of the power -unit to the third-wire ground at 
the input to the isolation transformer. 




The primary storage capacitors, C8t3 and C814, re- 
main charged with high voltage DC for several 
minutes after the line power is disconnected. When 
this stored voltage exceeds about 80 volts, a neon 
bulb located on die Line Input board flashes. 

3.8 Locate the neon warning bulb on the Line Input 
board (right side of power-unit when facing rear 
panel). Wait at least two minutes after the bulb has 
stopped flashing before proceeding. 

3.9 Remove the four screws which hold the cover on 
the power-unit and remove the cover. 




Do not short circuit the primary storage capacitors 
C813 and C814 as diey will be damaged by this 
action, if manual discharge is necessary at any time, 
use a 1.5 kD., two-watt insulated resistor. USE EX- 
TREME CAUTION. Allow at least one minute for the 
current-limiting thermistors to coo! before turning on 
the POWER switch if the eapaciton have been man- 
ually discharged. Do not leave the external bleeder 
resistor connected across die capacitors when the 
POWER switch is ON. 



4. Check Line Input Stage and Primary Storage Capacitors 

4.1 Be sure that steps 3.1 - 3.9 have been performed. 

4.2 Locate the Line Input board and inspect the com- 
ponents for any visible signs of failure. 

4.3 Remove the cover from the Line Selector assembly 
on the rear panel and remove the INVERTER fuse. 
Leave the LINE fuse in place and re-install the Line 



Selector cover. (Notice on the diagrams that this 
allows the Line Input stage to operate widiout sup- 
plying power to the inverter stage.) 

4.4 Remove the plastic cover shielding the primary 
storage capacitors C813and C814. 

4.5 Set the power switch of the isolation transformer to 
on. Then, set the power switch of the autotrans- 
former to on. Finally, set the 7704 POWER switch 
to ON. 

4.6 Set the voltmeter to a scale that will measure at 
least 400 volts DC. Connect the voltmeter between 
the positive side of C813 and the negative side of 
C814 (notice that these capacitors are connected in 
series by the strap between the negative side of 
C813 and the positive side of C814). This voltage 
diould be between 220 and 370 volts DC; the exact 
voltage depends upon the line input voltage. 

4.7 Set die 7704 POWER switch to the off position and 
unplug the power cord from the autotransformer. 
Observe the neon warning bulb on the Line Input 
board. Wait at least two minutes after the bulb has 
stopped flashing before proceeding. 

CAUTION^ 

Widi the voltmeter still connected across C813 and 

C8I4, check that these capacitors have fully dis- 
charged (voltmeter reading cero volts) before making 

ohmmeter measurements in the Line Input stage. 

4.8 If the voltage measured in step 4.6 was lower than 
220 volts, check die Line Input stage for defective 
components. 

4.9 When the defective component is located, replace it 
using the replacement procedures given in this sec- 
tion. Then, repeat steps 4.1 — 4.8. 

4.10 If the voltage measurement in step 4.6 is within 
the given limits, disconnect the voltmeter and re- 
place the plastic cover over C813 and C814. Then, 
remove the cover from the Line Selector assembly 
and replace the INVERTER fuse. Reinstall the Line 
Selector cover. This completes the checks in the 
Line Input stage. 



5. Check Remaining Circuits in the Line to DC Converter/ 
Regulator Circuit 

5.1 Be sure that steps 3.1 — 3.9 have been performed. 
NOTE 

If a defective component is heated in the following 
checks, proceed to steps 5. 13 - 5. 14 before re- 
assembling the power-unit. The checks given in these 
steps win insure diat the Inverter stage is working 
correctly. 
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5.2 Remove the cover from the Line Selector assembly. 
This opens the DC path between the Line Input 
stage and the Inverter stage to allow ohmmeter 
measurements to be made within the Inverter stage. 

5.3 Use the following procedure to check the power- 
handling components in the Inverter stage. 

5.3.1 Connect the positive lead of the ohmmeter to 
TP826 and the negative lead to TP836 (both 
test points on Inverter board). Set the ohm- 
meter to a scale of R X 10 k or higher. 
Typical resistance readirtgs between these test 
points should be between 10 and 50 meg- 
ohms. If the readirtg falls below about two 
megohms, check the following components 
for reverse breakdown characteristics with a 
curve tracer: CR825, CR826, CR828 and 
Q825. Minimum reverse breakdown charac- 
teristics for these components should be 400 
volts. 

5.3.2 Connect the positive lead of the ohmmeter to 
TP836 and the negative lead to TP820. Re- 
peat the check as given in the previous step. 
Components to check if the reading falls be- 
low two megohms are; CR835, CR836. 
CR838 and Q835. Disconnect the ohmmeter. 

5.4 Check the LINE and INVERTER fuses to be sure 
they are good. If not, replace the fuses and reinstall 
the Line Selector assembly cover. 

NOTE 

The next seven steps will get the Inverter stage opera- 
ting at low line voltage and low output voltage with 
the pre-regulator circuitry disabled. This will allow 
waveform checks and output voltage measurements 
even though an overload condition may exist. 

5.5 Remove Q860 from its socket. This disables the pre- 
regulator circuit. 

5.6 Connect the voltmeter between TP+75V ar>d 
TPGND on the Rectifier board. Use the 75 volt, or 
higher, scale. 

CAVTfOM I 

TP820 is normally elevated about 100 volts above 
chassis ground. However, when the isolation trans- 
former is used as given in this procedure. TP820 can 
be grounded widiout danger or damage to the power 
supply. 



5.7 Connect the 10X probe to the test oscilloscope. 
Then, connect the probe ground clip to TP820. 



5.8 Connect the probe tip to TP836 on the Inverter 
board. Be sure that the test oscilloscope is properly 
grounded by the three-wire power cord before pro- 
ceeding. Set the test oscilloscope for a vertical 
deflection of 5 volts/division (50 volts/division at 
probe tip) at a sweep rate of 10 microseconds/ 
division with AC internal triggering in the automatic 
trigger mode. 

5.9 Set the output voltage of the autotransformer to 
zero volts. 

5.10 Set the power switch of the isolation transformer 
to on. Then set the power switch of the autotrans- 
former to on. Finally, set the 7704 POWER switch 
to ON. 

5.11 Read this step completely before proceeding. 
Slowly increase the output of the autotransformer 
until a waveform appears on the test oscilloscope. 
Then, quickly reduce the autotransformer setting to 
keep ^e voltage, as measured by the voltmeter, 
below 75 volts. Do not allow the voltage at 
TP-I-75V to exceed 75 volts. Notice that the Inver- 
ter stage will continue to operate with an input volt- 
age as low as one-half the level required to start it. 
Decreasing the input voltage as described after the 
Inverter stage has started reduces the possibility of 
opening die INVERTER fuse if an overload con- 
dition exists. 



NOTE 

The next three steps determine if the Inverter stage 
and power transformer primary circuit are mal- 
functioning, or if an overload condition exists in the 
transformer secondary. 

5.12 Examine the waveform on the test oscilloscope 
and compare to the waveform shown in Fig. 4-6A 
and 4-6B. The waveform diould be a square wave 
with a peak-to-peak amplitude equal to the DC volt- 
age stored in the primary storage capacitors. 

5.13 Install the current-probe amplifier in the test oscil- 
loscope and connect the current probe to its input. 
Set the current-probe amplifier for a vertical deflec- 
tion of one ampere/division at a sweep rate of 10 
microseconds/division. Connect the current-probe 
tip around the wire (gray with red stripe) which 
connects interconnectirig pin NE on the Line Input 
board to point PC on the Inverter board (connect 
probe around lead at upper left corner of Inverter 
board). This wire carries the Inverter supply current. 

5.14 Compare the test oscilloscope waveforms to the 
waveforms diown in Fig. 4-6C. 4-6D, and 4-6E. Dis- 
torted wavediapes indicate Inverter trouble. High 
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A. At TP836. Invartar Raga oparating undar light load with 
pra-ragulator diaabM. input lina voltaga about 50% low. 



B. At TP836. Inaartar itaga oparating undar haavy load with 
pra.ragulator functioning normaHy. Input lirta voltaga 
normal. 





C. Invartar supply currant. Invartar stage oparating urtdar 
light load with pra^agulator disabia d . Input lina voltaga 
about 50% lew. 



Invartar supply currant. Invartar stags oparating under 
heavy load with pra-ragulator disabiad. Input lina voltaga 
about 50% low. 




E. Invartar supply currant. Invartar stage operating under 
modarata load with pra-ragulator furretioning normally. 
Input lina voltaga normal. 



At TP8S9. Invartar stags oparating under light load with 
pra-ragulator fuctetioning normally. Input line voltaga 
normal 




0. At TP86B. Imartar stags operating undar ntodarata load 
with pra-ragulator functioning normally. Input lina volt- 
aga normal. 



H. At TP860. Invartar stags operating undar modarata load 
with pra-ragulator functioning normally. Input lina volt- 
aga normal. 



Fig. 4-6. Oparating waveforms from power supply 
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current indicate$ an overload on the transformer 
secondary, 

5.14.1 If the waveforms obtained in steps 5.12 and 

5.14 appear normal or near normal, proceed 
to step 5.15. 

5.14.2 If the waveforms in step 5.12 or 5.14 are 
incorrect, turn off the POWER switch and 
check the components in the Inverter circuit 
with an ohmmeter (allow sufficient time for 
the primary storage capacitors in the Line In- 
put stage to discharge before proceeding). 



NOTE 

The next two steps check the Rectifier circuits for 
correct operation. 



5.15 With die Inverter stage operating as given in step 
5.11 check the voltmeter reading (voltmeter connec- 
ted between TP-t-75V and TPGND). The measured 
value should be low since the pre-regulator circuitry 
is disabled, but it should not be zero. If the voltage 
is zero, reduce die autotransformer setting to zero. 
Set the POWER switch to off and remove the Recti- 
fier board. Check all components associated with 
the -*-75-volt rectifier circuit. If all components 
appear to be good, replace the Rectifier board and 
set the POWER switch to ON. Repeat step 5.11. 
Then, check the AC voltage between terminals 5 
and 7 of the power transformer with the voltmeter 
(set voltmeter to measure at least 150 volts RMS or 
210 volts peak). 




The Inverter stage will not function properly if the 
instrument is operated without the load provided by 
the Rectifier board. 



5.15.1 If AC voltage is not present at the trans- 
former terminals, the transformer may be 
defective. 

6.15.2 If AC voltage is present at die transformer 
terminals but voltage is not present at 
TP-1-75V, further checks of the -^75-volt recti- 
fier circuit are necessary to locate the defec- 
tive component. 

5.16 Repeat step 5.15 for each output voltage. Measure 
the output voltage at the applicable board terminals 
as shown on the diagram. This completes the Recti- 
fier checks. 






NOTE 

The rtext nine steps check the pre-regulator circuitry 
for correct operation. 



5.1 7 Set the 7704 POWER switch to the off position. 

5.18 Replace Q860 in its socket. 

5.19 Connect the voltmeter between TP-»-75V and 
TPGND on the Rectifier board. 



5.20 Reconnect die 10X probe to the test oscilloscope. 
Then, connect the probe tip to TP836 on the Inver- 
ter board. Be sure that the test oscilloscope is prop- 
erly grounded by the diree-wire power cord before 
proceeding. Set the test oscilloscope for a vertical 
deflection of 10 volts/division at a sweep rate of 10 
microseconds/division with AC, internal triggering 
in the automatic mode. 

5.21 Connect the probe ground clip to TP820 (see 
CAUTION instep 5.8). 

5.22 Set the autotransformer output voltage to zero. 
Then, set the 7704 POWER switch to ON. 

5.23 Slowly increase the autotransformer output volt- 
age until the Inverter stage runs continuously as 
shown by the waveform on the test oscilloscope. Do 
not allow the voltage on the voltmeter to exceed 75 
volts. 

5.24 While observing the test oscilloscope waveform, 
observe the change in the waveform produced by 
slightly raising and lowering the output voltage of 
the autotransformer. As the line voltage is increased, 
the Inverter frequency diould decrease; i.e., the per- 
iod should become longer. When the line voltage is 
at the nominal level (117V) and the instrument has 
a two plug-in load, the voltage at TP-«-75V should be 
-1-75 volts ±0.375 volt. Refer to the Calibration Pro- 
cedure if adjustment is necessary. 

5.25 If a malfunction in the pre-regulator circuitry is 
suspected, monitor the waveforms at TP859 and 
TP860 with respect to TPGND. Compare with the 
waveforms shown in Fig. 4-6F, 4-6G and 4-6H. Use 
the ohmmeter to locate defective components (with 
POWER switch off). Check the transistors with the 
transistor tester. This completes the pre-regulator 
circuitry check. 



Troubleshooting the Readout System. The following 
procedure provides a guide to trouble^ooting the Readout 
System of the 7704. 
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NOTE 

In the following procedure, the integrated circuits can 
be checked by interchanging with similar types on the 
Readout System board or with other instruments of 
die same type. Also, the voltages and waveforms as 
described in the Circuit Description and given on the 
diagrams can be used to check the operation of the 
integrated circuits where replacement devices are not 
available. 



1. Isolating the Trouble 

1.1 Remove the Readout System board from the instru- 
ment and check for damaged components, damaged 
circuit board, or improperly installed transistors or 
integrated circuits. Check that the irtdeK of all inte- 
grated circuits on the Readout System board 
matches the index of the socket. If no defects are 
found, re-install the board on the instrument. 

1 .2 Set the 7704 POWER switch to ON and note which 
of the following problems exist. Then refer to the 
step listed. 

1.2.1 No readout in any word location. Go to step 

2 . 1 . 

1.2.2 All readout words irKorrect. Go to step 3.1. 

1.2.3 Some readout words correct, some incorrect. 
Go to step 4.1. 



2. No Readout 

2.1 Remove all plug-in units from the instrument. 

2.2 Remove dual transistor Q1143 from the Readout 
System board. 

2.3 Set the 7704 POWER switch to ON ar>d allow a 
warm-up period. 

NOTE 

Observe the readout display and refer to one of the 
following steps. 

2.4 80 zeros in display (40 within top division of grati- 
cule, 40 within bottom division). 



2.4.1 If correct display of 80 zeros is obtained, in- 
terchange U1130 and U1170. Then return to 
step 1.2. If the present readout display is in 
any way different than the original problem, 
the trouble is located in the U1130 or U1170 
circuits. 



2.4.2 If step 2.4.1 does not correct the readout dis- 
play, interchange U1166 and U1186 and re- 
turn to step 1.2. If the present readout dis- 
play is in any way different from the original 
problem, the trouble is located in the U1 166 
or U1186 circuits. 

2.4.3 If Jess than 80 zeros are displayed, check out- 
put of U1226 (see Fig. 3-44). If incorrect, the 
trouble is located in the U1226 or U1210 cir- 
cuits. If correct, check U1130, U1170, 
U1166, and U1186 circuits as given in steps 

2.4.1 and 2.4.2. 

2.5 80 dots in display 

2.5.1 Exhange character generator U1251 with one 
of the other character generators U1252 — 
U1255. If display is still only dots, check 
U1 166 by interchanging it with U1 186. 

2.5.2 If 80 characters are displayed (exact character 
will depend on which character generator was 
substituted), re-install the character genera- 
tors in the correct sockets and replace U1251 
with a new integrated circuit. 

2.6 Pattern other than 80 zeros or dots 

2.6.1 Check Channel Address Code (see Table 3-4). 
If incorrect, check U1230-U1231-U1232. 

2.6.2 Check Q1274, Q1278, Q1284, and 01288 
with the transistor tester (see recommended 
troubleshooting equipment). If correct, check 
U1260 and U1270 circuits. 

2.7 No display 

2.7.1 Turn front-panel READOUT control fully 
clockwise artd check voltage at intercon- 
necting pin XM. 

2. 7. 1.1 If less than about —13 volts, check 
R1040 and S1040. Also check inter- 
connecting leads. 

2. 7. 1.2 If greater than —13 volts, check volt- 
age at TP1255; If zero volts or more 
negative, check die U1210 circuit: if 
■•-1 volt or greater, check 
01 150-01 1 52-01155-01 163. 
Finally, check U1190. 

2.7.2 Check waveforms at TP1215, TP1217, and 
pin 5 of U1210. If correct, check the level at 
pin16ofU1226. 

2.8 Re install 01143 in its socket. Check readout dis- 
play. 




Maintenance— 7704 



3. All Readout Words Incorrect 

3.1 If only one character is wrong in all displayed read- 
ouu. check the character generator which produces 
this character. 

3.2 Install a time-base unit in any compartment and 
turn the time/division switch throughout its range. 
Note which portions of the readout display are 
missing or incorrect in each decade of the time/ 
division switch. 

3.3 Install the time-base unit in another compartment 
and repeat step 3.2. If the results are the same, con- 
tinue with this step. If the readout is now correct, 
go to step 4.1. 

3.4 Remove the time-base unit and substitute a differ- 
ent unit and repeat step 3.2. If the results are the 
same, continue with this step. If the readout is now 
correct, check the original plug-in units. 

3.5 Interchange U1130 and U1170 and repeat step 3.2. 
if the readout is still incorrect but different portions 
of the readout display are wrong, the trouble is in 
either the U1130 or U1 170 circuit. If the readout is 
correct, the error may have been corrected; check 
readout in all plug-in compartments for original 
error. If no change is noted, proceed to next step. 

3.6 Repeat step 3.5, only this time interchange U1166 
and U1186. 

3.7 If the teros adding or prefix shifting portion of the 
readout display is incorrect, check following steps: 

3.7.1 Check waveform at TP1 130 to see if informa- 
tion is being encoded during time-slot 1. If 
not, check U1130 by substitution with 
U1170. Also check the encodir>g network in 
the plug-in unit. 

3.7.2 Check for a Word Trigger pulse at pin 9 of 
U1190 {one pulse for each 10 time-slot 
pulses), if not present, check U1227 and 
U1226 circuits. 

3.7.3 Check for presence of row 3 information at 
pin 16 and column 1, 2. 3, 4 information at 
pins 12, 13. 10 and 11 respectively of U1190 
(current signals). If no signal is present, check 
U1166 and U1186. 

3.7.4 Check waveform at TP1190 (sec Fig. 3-48). If 
not present, check U 1 1 90 circuit. 



4. Some Readout Words Correct, Some Incorrect. 

4.1 Install different plug-in units in the compartment(s) 
producing the incorrect readout. Check resulting 
display. 



4.1.1 Readout correct. Check original plug-in unit. 

4.1.2 Readout still irtcorrect. 

4. 1.2.1 Interchange U1130 and U1170 and 
check the resulting display. If the 
readout is still incorrect but different 
portions of the readout display are 
wrong, the trouble is in either U1 130 
or U1170. If the readout is correct, 
the error may have been corrected; 
check readout in all plug-in compart- 
ments. if no change is noted, proceed 
to the next step. 

4.1.2.2 Repeat step 4.1.2.1, only this time 
interchange U1166 and U1 186. 

4.1.2.3 Check all time-slot pulses connected 
to the plug-tn unit at dte plug-in in- 
terface connector. Pulses must be 
exactly -IS volts in amplitude. If 
not, dteck U1210 and U1226 cir- 
cuits, and the interconnecting wires. 

4.2 This completes the troubleshooting procedure for 
the Readout System. 



CORRECTIVE MAINTENANCE 



General 

Corrective maintenance consists of component replace- 
ment and instrument repair. Special techniques required to 
replace components in this instrument are given here. 

Obtaining Replacement Parts 

Starrdard Parts. All electrical and mechanical part re- 
placements for the 7704 can be obtained through your 
local Tektronix Field Office or representative. However, 
many of the standard electronic components can be ob- 
tained locally in less time than is required to order diem 
from Tektronix, Inc. Before purchasing or ordering replace- 
ment parts, check the parts lists for value, tolerance, rating 
and description. 



NOTE 

When selecting replacement parts, it is important to 
remember that the physical size and shape of a com- 
ponent may effect its performance in f/ie instrument, 
particularly at high frequencies. AH replacement parts 
should be direct replacements unless it is known that 
a different component will not adversely affect in- 
strument performance. 
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Special Parts. In addition to the standard electronic 
components, some special components are used in the 
7704. These components are manufactured or selected by 
Tektronix, Inc. to meet specific performar>ce requirements, 
or are manufactured for Tektronix, Irtc. in accordance with 
our specifications. These special components are ir>dicated 
in the Electrical Parts List by an asterisk precedirrg the part 
number. Most of the mechanical parts used in this instru- 
ment have been manufactured by Tektronix, Inc. Order all 
special parts directly from your local Tektronix Field 
Office or representative. 

Ordering Parts. When ordering replacement parts from 
Tektronix, Inc., include the following information: 

1. Instrument type. 

2. instrument serial number. 

3. A description of the part (if electrical, include circuit 
number). 

4. Tektronix Part Number. 



Soldering Techniques 




Disconnect the instrument from the power source be- 
fore soldering. 

Circuit Boards. Use ordinary 60/40 solder and a 35- to 
40-watt pencil type soldering iron on the circuit boards. 
The tip of the iron should be clean and properly tinned for 
best heat transfer to the solder joint. A higher wattage 
soldering iron may separate the wiring from the base 
material. 



The following technique should be used to replace a 
component on a circuit board. Use the procedures given 
under Component Replacement to remove the boards from 
the insmiment before soldering. 



1. Grip the component lead with long-nose pliers. 
Touch the soldering iron to the lead at the solder connec- 
tion. Do not lay the iron directly on the board as it may 
damage the board. 

2. When the solder begins to melt, pull the lead out 
gently. This should leave a clean hole in the board. If not. 
the hole can be cleaned by reheating the solder and placing 
a ^arp object such as a toothpick into the hole to clean it 
out. A vacuum-type desoldering tool can also be used for 
this purpose. 



3. Bend the leads of the new component to fit the holes 
in the boards, insert the leads into the holes in the board so 
the component is firmly seated against the board, or as 
positioned originally. If it does not seat properly, heat the 
solder and gently press the component into place. 

4. Touch the iron to the connection and apply a small 
amount of solder to make a firm solder joint; do not apply 
too much solder. To protect heat-sensitive components, 
hold the lead between the component body and the solder 
joint with a pair of long-nose pliers or other heat sink. 



5. Clip the excess lead that protrudes through the 
board. 



6. Clean the area around the solder connection with a 
flux-remover solvent. Be careful not to remove information 
printed on the board. 



Metal Terminals. When soldering metal terminals (e.g., 
switch terminals, potentiometers, etc.), ordinary 60/40 
solder can be used. Use a soldering iron widi a 40- to 75- 
watt rating and a 1/8-inch wide wedge-shaped tip. 



Observe the following precautions when soldering metal 
terminals: 



1. Apply only enough heat to make the solder flow 
freely. Use a heat sink to protect heat-sensitive com- 
ponents. 

2. Apply only enough solder to form a solid connection. 
Excess solder may impair the function of the part. 

3. If a wire extends beyond the solder joint, clip off the 
excess. 



4. Clean the flux from the solder joint with a flux- 
remover solvent. 



Component Replacement 




Disconnect the instrument from the power source be- 
fore replacing components. 
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General. The exploded-view drawings associated with 
the Mechanical Parts List (located on back of diagram pull- 
out pages) may be helpful in the removal or disassembly of 
individual components or sub-assemblies. 

Access to Components in Power-Unit. To reach the 
components located inside the power-unit for maintenance 
or repair, use the following procedure: 



WAKNfMG 



Line AC and stored DC potentials are present inside 
the power-unit. This instrument should be operated 
with an isolation transformer whenever trouble- 
shootirtg the circuitry in the power-unit. Follow the 
recommended troub!eshootir)g procedure given under 
Special Troubleshooting Information. 

1 . Slide out the power-unit as described previously. 

2. Set the power-unit on the rear feet so that the cable 
which interconnects the power-unit and the rest of the in- 
strument will not obstruct removal of the power-unit cover. 



WARNfMC 



Disconnect die instrument from the power source be- 
fore removing the power-unit cover. A warning light 
is provided on the Line input circuit board (on left 
side of power-unit). Do not remove the power-unit 
cover until diis light has extinguished. 

3. Remove the four screws on the front of the power- 
unit and pull the protective cover off of the power unit. 
EMI shielding strips are mounted around the edges of this 
cover to reduce EMI radiation out of the power-unit. Be- 
cause of these shielding strips, the cover fits firmly onto the 
power-unit. 

4. The power-unit is now open for maintenance or re- 
pair. See the instructions under Troubled>ooting the Power 
Supply for information on locatirtg a trouble in the power 
supply. For information on replacing the transformer, see 
Power Transformer Replacement. 

5. Reverse the order of removal to replace the power- 
unit cover. 



Circuit Board Replacement. If a circuit board is dam- 
aged beyond repair, either the entire assembly includirtg all 
soldered on components, or the board only, can be re- 
placed. Part numbers are given in the Mechanical Parts List 
for either the completely wired (670- ) or the 



unwired board (388- ). Most of the main circuit 

boards in this instrument plug onto the chassis or onto 
other circuit boards (exceptions; Main Interface, Calibrator, 
Line Input, Inverter and Rectifier boards). Use the fol- 
lowir>g procedure to remove the plug-on circuit boards (re- 
moval instructions for the exceptions will be given later) . 



A. PLUG-ON BOARDS. 

1. Disconnect any pin connectors located on the front 
of the board. 



2. Loosen all of the securing screws on the board. 



3. Pull out on the edges of the board until the board 
clears the chassis terminals. Attempt to lift the board away 
from the chassis in such a way that it remains parallel to the 
d)8ssis at all times so as not to bend the interconnecting 
terminals. 



4. To replace a plug-on circuit board, position it so the 
securing-screw holders mate with the guide posts on the 
chassis. 



5. Gently press the circuit board against the chassis. Be 
sure that all of the interconnecting pins and sockets mate 
properly. 



6. Uniformly tighten the securing xrews. Recom- 
mended torque, four to six irKh-pounds. 



B. MAIN INTERFACE CIRCUIT BOARD REPLACE- 
MENT. 

Use the following procedure to replace the Main Inter- 
face circuit board: 

1. Slide out the power-unit as described previously. 

2. Remove all of the plug-on circuit boards from the 
Main Interface circuit board (remove plug-in units to gain 
access to plug-on boards on front of Main Interface board). 

3. Disconnect the six multi-pin connectors located at 
the top of the Main Interface board. Note the order of 
these connectors so they can be correctly replaced. 

4. Remove the three screws from Inside each plug-in 
compartment which hold the plug-in interface connectors 
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to the chassis of this instrument (total of 12 screws). Also 
remove the two screws which hold the ground straps to the 
chassis. 



5. Slide the Main Interface board assembly to the rear 
and disconnect all of the pin connectors. Now, the Main 
Interface board assembly can be removed from the instru- 
ment. 

6. To replace the Main Interface board, reverse the 
order of removal. Match the arrows on the multi-pin con- 
nectors to the arrows on the board. Correct location of the 
pin connectors is shown in Figs. 4-9 and 4*10. 

C. CALIBRATOR BOARD REPLACEMENT. 

To replace the Calibrator circuit board, use the following 
procedure: 

1 . Lower the swing-down chassis. 

2. Rotate the CALIBRATOR and RATE switches fully 
counterclockwise. 

3. Remove the knobs from the CALIBRATOR and 
RATE switches with a 1/16-inch hex-key wrench (CALI- 
BRATOR knob has two set xrews). 



4. Remove the securing nut which holds the switch/ 
board assembly to the front panel widi a #14 nut driver. 

5. Remove the xrew holding the rear of the Calibrator 
board to the support bracket. 

6. Slide the Calibrator switch/board assembly out of the 
front panel and then disconnect the three multi-pin connec- 
tors from the board. 

7. To replace the Calibrator switch/board assembly, re- 
verse the above procedure. Match the arrows on the multi- 
pin connectors to the arrows on the board. Be sure the 
front-panel knobs are installed so they indicate the correct 
switch positions. 

D. RECTIFIER BOARD REMOVAL. 

The Rectifier circuit board is mounted inside the power- 
unit. To remove this board, proceed as follows: 

1 . Remove the cover from the power-unit as described 
previously. 



2. The Rectifier board can be removed from the power 
chassis in the manner described for the plug-on circuit 
boards. 

3. To replace the board, reverse the procedure. 

E. LINE INPUT BOARD REMOVAL. 

The Lira Input circuit board is also mounted inside the 
power unit. To remove this board, proceed as follows: 

1. Remove the power -unit cover asdexribed previously. 



2. Loosen the two securing xrews on the board. 



3. Pull out on the edges of the board until the board 
clears the chassis terminals. 



4. Unsolder the seven leads connected to this board. 



5. To replace the board, reverse the above procedure. 
Correct location of the soldered wires is shown in Fig. 4-23. 



F. INVERTER BOARD REMOVAL. 

To replace the Inverter circuit board, use the following 
procedure: 

1. Remove the power-unit cover asdexribed previously. 

2. Remove the plastic snap-in feet from the rear panel 
and then remove the two xrews holding each of the cord 
holders to the rear panel. 



3. Remove the four remaining xrews which hold the 
rear panel to the rear subpanel. These xrews also provide 
the bottom support for the power transformer. 



4. Remove the four xrews which hold the ceramic heat 
sink (on inverter Board) to the rear subpanel. Also remove 
the two xrews located next to the Line Selector assembly 
which hold the power chassis to the rear subpanel. 



5. Looxn the securing xrews which mount the Line 
Input board to the chassis. Then, swing this board aside for 
the next step (the Line Input board can be plugged back 
into place for troubleshooting with the supply separated). 



6. Now, slide the power chassis/transformer assembly 
away from the rear subpanel. 
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7. Disconnect the four leads between the pin connectors 
on the power chassis and the inverter board. Then unsolder 
the three leads at points PA, PB, and PC, and d>e shielded 
coax. 



8. Remove the two screws which mount the Inverter 
board to the power chassis. 

9. To replace the Inverter board, reverse the order of 
removal. Correct connection of the wires is shown in Fig. 
4-24, 



Plug in Interface Connectors. The individual contacts of 
the plug-in interface connectors can be replaced. However, 
it is recommended that the entire Main Interface board be 
replaced if a large number of the contacts are damaged. An 
alternative solution is to refer the maintenance of the dam- 
aged Main Interface board to your local Tektronix Field 
Office or representative. Use the following procedure to 
replace an Individual contact of the plug-in interface con- 
nector. 

1. Remove the Main Interface circuit board from the 
instrument as described previously. 

2. Snap the connector cover (white plastic) off the side 
of the plug-in interface connector which needs repair. 

3. Unsolder and remove the damaged contact. 

4. Install the replacement contact. Carefully form it to 
the required shape to fit against the connector body. 

5. Snap the connector cover back onto the plug-in inter- 
face connector. Check that the contact which was replaced 
is aligned with the other contacts. 

6. Replace the Main Interface board. 

Semiconductor Replacement. Semiconductors should 
not be replaced unless actually defective. If removed from 
their sockets during routine maintenance, return them to 
their original sockets. Unnecessary replacement of semicon- 
ductors may affect the calibration of this instrument. When 
semicortductors are replaced, check the operation of the 
part of the instrument which may be affected. 




POWER switch must be turned off before removing 
or replacing semicoryductors. 



Replacement semicortductors dtould be of the original 
type or a direct replacement. Fig. 4-3 ^ows the lead config- 
uration of the semicortductors used in this instrument. 
Some plastic case transistors have lead configurations which 
do not agree with those shown here. If a replacement tran- 
sistor is made by a different manufacturer than the original, 
check the manufacturer's basing diagram for correct basing. 
All transistor sockets in this instrument are wired for the 
standard basing as used for metal-case transistors. Transis- 
tors which have heat radiators or are mounted on the 
chassis use silicone grease to increase heat transfer. Replace 
the silicone grease when replacing these transistors. 



WAItNIMG 



Handle silicone grease with care. Avoid getting sili- 
cone grease in the eyes. Wash hands thoroughly after 
use. 



An extracting tool should be used to remove the 14- and 
16-ptn integrated circuits to prevent damage to the pins. 
This tool is available from Tekb-onix, Inc. Order Tektronix 
Part No. 003-0619-00. If an extracting tool is not available 
when removing one of these integrated circuits, pull slowly 
and evenly on both erxJs of the device. Try to avoid having 
one er>d of d>e integrated circuit disertgage from the socket 
before the other, as the pins may be damaged. 



To replace one of the power transistors mounted on the 
swing-down chassis, first remove die Low-Voltage Regula- 
tor board. Then, take out the mounting screws and remove 
the defective transistor. When replacing the transistor, tight- 
en the mounting screws just tight enough to hold the tran- 
sistor in place. Then, temporarily re-install the Low-Voltage 
Regulator board to align the transistor with the sockets in 
the board. Remove the board and firmly tighten the 
mounting screws. 

Interconnecting Pin Replacement. Two types of inter- 
connecting pins are used in this instrument to interconnect 
the circuit boards and/or the components of this instru- 
ment. When the connection is made at the chassis of the 
insbument, a chassis feed-thru pin is used which is mounted 
in an insulated budiing. When the interconnection is made 
at a circuit board, the pin is soldered into the board. In 
addition, two types of mating connectors are used for these 
interconnecting pins. If the mating connector is mounted 
on a plug-on circuit board, a special socket is soldered into 
the board. If the mating connector is on the end of a lead, 
an end-lead pin connector is used which mates with the 
interconnecting pin. The following information provides 
the replacement procedure for the various types of inter- 
connecting methods. 

A. CHASSIS FEED-THRU PINS. 

To replace a chassis feed-thru pin, first disconnect any 
end-lead pin connectors from the pin. Then pull the dam- 
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aged pin out of the chassis from the rear. If the plastic 
bushing does not come out with the pin, remove it from the 
chassis hole. Press the new plastic bushing into the chassis 
hole. Now, insert the long end of the new feed-thru pin into 
the plastic bushing from the rear of the chassis. Gently 
press the feed-thru pin until it is seated firmly into the 
plastic bushing. Be careful not to ber>d the pin as it is 
inserted into the bushing. Check to see that the new feed- 
thru pin is perpendicular to the chassis and in line with 
other associated pins. 



NOTE 

The feed-thru pins wh/cA must conduct targe amounts 
of current are of a special heavy-duty design. These 
pins can be replaced by pressing the complete feed- 
thru pin/bushing out of the chassis to the rear and 
pressing the replacement part back into the chassis. 

B. CIRCUIT-BOARD PINS. 

NOTE 

A circuit-board pin replacement kit indudirtg neces- 
sary tools, instructions and replacement pins is avail- 
able from Tektronix, Inc. Order Tektronix Part No. 
040-0542-00. 

To replace a pin which is mounted on a circuit board, 
first disconnect any pin connectors. Then, unsolder the 
damaged pin and pull it out of the circuit board with a pair 
of pliers. Be carful not to damage the wiring on the board 
with too much heat. Ream out the hole in the circuit board 
with a 0.031-inch drill. Remove the ferrule from the new 
interconnecting pin and press the new pin into the hole in 
the circuit board. Position the pin in the same manner as 
the old pin. Then, solder the pin on both sides of the circuit 
board. If the old pin was bent at an angle to mate with a 
connector, bend the new pin to match the associated pins. 

C. CIRCUIT BOARD PIN SOCKETS. 

The pin sockets on the circuit boards are soldered to the 
rear of the board. To replace one of these sockets, first 
unsolder the pin (use a vacuum-type desoldering tool to 
remove excess solder). Then straighten the tabs on the 
socket and remove it from the hole in the circuit board. 
Place the new socket in the circuit board hole and press the 
tabs down against the board. Solder the tabs of the socket 
to the circuit board; be careful not to get solder into the 
socket. 



NOTE 

The spring tension of the pin sockets ensures a good 
connection between the circuit board and the pin. 
This spring tension can be destroyed by using the pin 
sockets as a connecting point for sprir)g-loaded probe 
tips, alligator dips, etc. 



D. END-LEAD PIN CONNECTORS. 

The pin connectors used to connect the wires to the 
interconnecting pins are clamped to the ends of the associ- 
ated leads. To replace damaged end-lead pin connectors, 
remove the old pin connector from the end of the lead and 
clamp the replacement connector to the lead. 

Some of the pin connectors are grouped together and 
mounted in a plastic holder; the overall result is that diese 
connectors are removed and installed as a multi-pin connec- 
tor. To provide correct orientation of this multi-pin connec- 
tor when it is replaced, an arrow is stamped on the circuit 
board or chassis and a matching arrow is molded into the 
plastic housing of the multi-pin connector. Be sure these 
arrows are aligned as the multi-pin connector is replaced. If 
the individual end-lead pin connectors are removed from 
the plastic holder, note the color of the individual wires for 
replacement. 

Cathode-Ray Tube Replacement. To replace the 
cathode-ray tube, proceed as follows; 



WARNING 



Use care when handling a CRT. Protective clothing 
and safety glasses should be worn. Avoid striking it 
on any object whidi might cause it to crack or im- 
plode. When storing a CRT. place it in a protective 
carton or set it face down in a protected location on a 
smooth surface with a soft mat under the faceplate to 
protect it from scratches. 

A. REMOVAL: 

1. Slide out the power-unit as described previously. 

2. Remove the seven screws holding the upper portion 
of the rear panel to the rear frame. Pull outward on the rear 
feet to remove the panel. 

3. Remove the plastic CRT mask, light filter and metal 
light shield. 



4. Remove the four xrews securing the CRT bezel to 
the front panel. Disconnect the multi-pin connector from 
the left rear of the CRT bezel. 



5. Press inward on the white tabs of the graticule-light 
assembly and pull the assembly out of the CRT bezel (leave 
wires connected). 



6. Disconrtect the CRT anode plug from the jack loca- 
ted on the right side of the main bulkhead. Ground this 
lead to the chassis to dissipate any stored charge. 
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7. Disconnect the deflection plate connectors. Be care- 
ful not to bend these pins. 

8. Remove the CRT base socket from the rear of the 
CRT. 



9. Loosen the two 3/32-inch hex-socket screws iocated 
on each side of the CRT socket until the tension of the 
springs on these screws is released. Then, press in on the 
screws to be sure that the CRT clamp is loose. 

10. Hold one hand on the CRT faceplate and push for- 
ward on the CRT base with the other. As the CRT starts 
out of the shield, grasp it firmly. Guide the anode lead 
through the cutout in the CRT shield as the CRT is re- 
moved. 



B. REPLACEMENT: 

1. Insert the CRT into the shield. Guide the anode lead 
through the hole in the CRT shield. Seat the CRT firmly 
against the cushions mounted on each corner of the face- 
plate. 

2. Place the black-plastic CRT mask over the CRT face- 
plate. 



3. Reconnect the multi-pin connector to the CRT bezel 
(align arrow on connector with arrow on bezel). Hold the 
clear faceplate protector in position and re-install the CRT 
bezel. Firmly tighten the four screws. 



4. Push forward on the CRT base to be certain that the 
CRT is as far forward as possible. Then tighten the two 
hex-socket screws beside the CRT base socket until the 
springs on the screws are fully compressed. 



5. Replace the CRT base socket. 



6. Reconnect the CRT anode plug. 



7. Carefully reconnect the deflection-plate connectors. 
Correct location is shown on the CRT shield. After each 
connector is installed, lightly pull on its lead to be sure that 
it will remain in its socket. 



8. Replace the graticule-light assembly. 



9. Clean the CRT faceplate, plastic faceplate protector, 
and the light filter with denatured alcohol. 

® 



10. Replace the metal light shield artd the tinted filter. 
Then snap the plastic CRT mask into the CRT bezel. 



11. Re-install the power-unit. 



12. Check the calibration of the complete instrument. 
Calibration procedure is given in Section 5. 



WAHMING 



Incorrect adjustment of the high-voltage, —SO volt, 
and *75-volt supplies may result in excessive X-Ray 
emission from the CRT faceplate. See the Calibration 
Procedure for correct adjustment. 

Switch Replacement. Several different types of switches 
are used in this instrument. The toggle, micro, slide and 
rotary switches should be replaced as a unit if damaged. 
Observe the soldering precautions given earlier in this sec- 
tion when replacing these switches. The following special 
maintenance information is provided for die cam-type 
switches and the pushbutton switches. 




Repair of cam-type switches should be undertaken 
only by experierKed maintenance personnel. Switch 
alignment and spring tension of the contacts must be 
carefully maintained for proper operation of the 
switch. For assistance in maintenance of the cam-type 
switches, contact your local Tektronix Field Office or 
representative. 

A. CAM-TYPE SWITCHES. 

NOTE 

A cam-type switch repair kit including necessary 
tools, instructions, and replacement contacts is avail- 
able from Tektronix, Inc. Order Tektronix Part No. 
040-054 1-00. 



The cam-type switches consist of a rotating cam, which 
is turned by the front-panel knobs, and a set of contacts 
mounted on an adjacent circuit board. These switch con- 
tacts are actuated by lobes on the cam. The CALIBRATOR 
and RATE cam-type switches can be disassembled for in- 
spection, cleaning, repair, or replacement as follows: 

1. Remove the Calibrator board/switch assembly as des- 
cribed previously. 



2. Remove the two xrews which hold the metal covers 
on the switches. The front switch section on the Calibrator 
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board is the CALIBRATOR switch and the rear swiKh sec- 
tion is the RATE switch. The switches are now open for 
inspection or cleaning. 

3. To completely remove either of d>e switches from 
the board, loosen the two hex-socket screws in the shaft at 
the front of the rear switch section with a 0.050-inch hex- 
key wrench. Pull the long shaft out of the switch assembly. 



4. Remove the four screws which hold the cam switch 
to the circuit board (from rear side of board). 

5. To remove the cam from the front support block, 
remove the retainir>g ring from the shaft on the front of the 
switch and slide the cam out of the support block. Be care- 
ful not to lose the small detent roller. 



6. To replace defective switch contacts, unsolder the 
damaged contact and clean the solder from the hole in the 
circuit board. Then, position the new contact in the hole so 
it is properly aligned in relation to the other switch con- 
tacts and the mating area on the circuit board (alignment 
tool provided in switch repair kit). Solder the new contact 
into place; be sure that the spring end of the contact has 
adequate clearance from the circuit board. 

7. To re-install the switch assembly, reverse the above 
procedure. 

B. PUSHBUTTON SWITCHES. 

The pushbutton switches are not repairable and should 
be replaced as a unit if defective. Components which are 
mounted on the circuit board associated with the push- 
button switches can be replaced using the normal replace- 
ment procedures. See the information under Light-Bulb 
Replacement for instructions on replacing the light bulbs. 
Use the following procedure to replace the VERTICAL 
MODE or HORIZONTAL MODE pushbutton switches: 

1 . Disconnect the multi-pin connectors from the rear of 
the switch. 



2. Remove the two Phillips-head screws holdir>g the 
upper plug-in guide bar to the top of the plug-in compart- 
ments associated with the mode switch which is being re- 
moved (vertical compartments for VERTICAL MODE 
switch, horizontal compartments for HORIZONTAL 
MODE switch). 

3. Remove the switch from the instrument. It will be 
necessary to carefully guide the switch around the cabling 
and structural members of the instrument as it is removed. 



4. To replace the switch, reverse the above procedure. 
Be sure the EMI gasketing is in place between the switch 
and the front panel when the writch is replaced. Match the 
arrows on the multi-pin connectors to the arrows on the 
switch assembly. 

To replace the A TRIGGER SOURCE or B TRIGGER 
SOURCE pushbutton switches, proceed as follows: 

1. Disconrtect the multi-pin connector from the switch. 

2. Press the center of the release bar of the switch 
holder, then press on the front-panel pushbuttons to re- 
move the switch from the holder. Figure 4-7 shows a de- 
tailed view of the switch holder. 



3. To replace the witch, reverse the above procedure. 
The witch locks into the holder as it is pressed into place. 
Match the arrow on the multi-pin connector to the arrow 
on the witdi assembly. 

Light-Bulb Replacement. The following procedures des- 
cribe replacement of d>e light bulbs in diis instrument. 

A. MODE SWITCHES. 

To replace light bulbs in the VERTICAL MODE or 
HORIZONTAL MODE witches, proceed as follows: 



1. Remove the applicable mode witch as given pre- 
viously. 




Fie. 4-7. OeuiM view of trigeer touret switch holder <B TRIGGER 
SOURCE switch #tewn). 
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2. Pull outward to remove the button associated with 
the bulb that is not working. 

3. Unsolder the bulb leads on the top of the circuit 
board and remove the defective bulb. 



4. Install the new bulb and solder it to the circuit board. 



5. Replace the button. Press it firmly into place. Notice 
that there are two actuating plungers for each switch sec- 
tion. These plurtgers must enter the button evenly and com- 
pletely. After the buttons are replaced, check that all of the 
buttons of the switch operate properly. If any of the but- 
tons do not remain in the actuated position, again firmly 
press on the button which was removed. 

6. Replace the mode switch as described previously. 



B. TRIGGER SOURCE SWITCHES. 

To replace light bulbs in the A TRIGGER SOURCE or B 
TRIGGER SOURCE switches, proceed as follows: 

1. Remove the applicable trigger source switch, usirtg 
the procedure described previously. 

2. Remove the screw which holds the metal cover on 
the back of the switch to expose the light bulb. 

3. Note the position of the bulb on the switch. Then 
unsolder the defective bulb from the circuit board. 



4. Install the new bulb so it is positioned in the same 
manner as the original bulb. 

5. Solder die bulb to the circuit board. If possible, use a 
heat sink to protect the bulb durir>g solderiitg. 

6. Replace the metal cover on the switch. 

7. Re-install the switch using the procedure described 
previously. 

C. INTENSITY INDICATORS. 

The light bulbs which provide an indication of which 
intensity control is active are mounted in a cap which snaps 
into a holder mounted behind the front panel of this instru- 



ment. To replace either of these bulbs, pull the bulb/cap 
assembly off of the holder. Then unsolder and remove the 
defective bulb. Replace the new bulb so it is positioned in 
the same manner as the original. Snap the buib/cap assem- 
bly back into the holder. 

D. GRATICULE BULB REPLACEMENT. 

To replace the graticule bulbs, first remove the plastic 
CRT mask, light filter and metal light shield. Pull on the 
white tabs to remove the graticule lamp assembly. Now, 
slide the lamp retaining strips to the side, off the bulb base. 
Pull the bulb out of the circuit board. Reverse the order of 
removal for replacement. 



Relay Replacement. The relays on the X-Y Delay Com- 
pensation board (optional feature) are mounted in sockets. 
The basing (as well as the internal connections) of these 
relays is symmetrical so that these relays may be plugged 
into their socket facing In either direction. 

Power Transformer Replacement. The power transfor- 
mer in this instrument is warranted for the life of the in- 
strument. If the power transformer becomes defective, con- 
tact your local Tektronix Field Office or representative for 
a warranty replacement (see the Warranty note in the front 
of this manual). Be sure to replace only with a direct re- 
placement Tektronix transformer. 

To replace the power transformer, proceed as follows: 

1. Follow the eight steps given under Inverter Board 
Removal. 



2. Remove the Rectifier board from the power chassis. 



3. Unsolder the four leads which come out of the side 
of the power transformer. Note the color and location of 
these wires for replacement. 

4. Reverse the order of removal to replace the power 
transformer. 



High-Voltage Compartment. The components located in 
the high-voltage compartment can be reached for main- 
tenance or replacement by using the following procedure. 

NOTE 

All solder joints in the high-voltage compartment 
should have smooth surfaces. Any protrusions may 
cause high-voltage arcirtg at high altitudes. 
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1. Remove the seven screws holding the upper portion 
of the rear panel to the rear frame. Pull outward on the rear 
feet to remove the panel. 



2. Disconnect the CRT base socket. 

3. Disconnect the CRT anode plug and discharge it to 
the chassis. Using an insulated probe or wire, discharge the 
jack portion of the CRT anode connector to chassis ground. 

4. Remove the two screws located at the front by the 
CRT anode connector which hold the high-voltage compart- 
ment to the chassis. 



5. Guide the high-voltage compartment away from the 
instrument chassis. Be careful not to damage any of the 
components or the pin connectors on the High Voltage/ 
Z-Axis Amplifier circuit board. Lay the high-voltage com- 
partment down on the swing-down chassis (place a protec- 
tive mat between the swing-down chassis and the High 
Voitage/Z-Axls Amplifier board). 



6. Remove the three screws which hold the plastic cover 
onto the high-voltage box. 



7. Using an insulated shorting strap, discharge the ex- 
posed connections to chassis ground. 

8. Unsolder the lead between the encapsulated voltage- 
multiplier assembly and the high-voltage transformer. Now, 
all of the circuitry in the high-voltage box can be reached 
for maintenance or replacement except diose in the encap- 
sulated assembly. 



9. To replace the encapsulated assembly or the plastic 
high-voltage box, unsolder the remaining lead between the 
high-voltage transformer and the erKapsulated assembly. 
Then, remove the four screws located beneath the High 
Voltage/Z-Axis Amplifier circuit board (remove board to 
reach screws) . Also, remove the nut on the ground lug. 

10. To replace the high-voltage compartment, reverse 
the above procedure. Be careful not to pinch any of the 
interconnecting wires when replacing the cover to the high- 
voltage box or when re-attaching the high-voltage compart- 
ment to the chassis. 

Fuse Replacement. Table 4-4 gives the rating, location 
and function of the fuses used in this instrument. 



TABLE 44 



Fuse Ratings 



Circuit 

Number 


Rating 


Function 


Location 


F801 1 


4A Fast 


Line 


Line 






Input 


Selector 


F810 


2A Fast 


Inverter 


Assembly 


F901 


0.25A Fast 


♦75 volts 




F902 


0.25A Fast 


♦ ISO volts 


Low 

Voltage 

Regulator 

Board 


F92t 


2A Fast 


High Voltage 


F957 


1A Fast 


Graticule 

Lights 


F1040 


6 A Fast 


Control 

Illumination 


Front of 
swing-down 
chassis 



Recalibration After Repair 

After any electrical component has been replaced, the 
calibration of that particular circuit should be checked, as 
well as the calibration of other closely related circuits. 
Since the low-voltage supply affects all circuits, calibration 
of the entire instrument should be checked if work has 
been done in the low-voltage supply or if the power trans- 
former has been replaced. The Performance Check pro- 
cedure provides a quick and convenient means of checking 
instrument operation. 



Instrument Repackaging 

If this instrument is to be shipped for long distances by 
commercial means of transportation, it is recommended 
that it be repackaged in the original manner for maximum 
protection. The original shipping carton can be saved and 
used for this purpose. Fig. 8 in the Mechanical Parts List 
illustrates how to repackage the 7704 and gives the part 
number for the packaging components. New shipping car- 
tons can be obtained from Tektronix, Inc. Contact your 
local Tektfonix Field Office or representative. 



NOTE 

The packaging material is not designed to protect the 
plug-ins if shipped installed in the plug-in compart- 
ments. The plug-ins should be shipped in their own 
shipping cartons. 
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Fig. 4-8. Location o< circuit bowdi in th* 7704. 
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Fi(, 4-14. Vwitcal Switchin( and Power eireuil board. 
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Fig. 4-15. Vartieal Output circuit beard. 




Fig. 4-16. X-V Oalay Companntion circuit board (eptionall. 
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Fig. 4-19. Output Signal ekeuit board. 
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Fig. 4-20. Calibration circuit board/twileh aaambly. 
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Pig. 4-22. Low Vohog* RoguUter circuit board. 
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SECTION S 

PERFORMANCE CHECK/CALIBRATION 

Change information, if any. affecting this section will be found at the rear of the manual. 



Introduction 

To assure instrument accuracy, check the calibration of 
the 7704 every 1000 hours of operation, or every six 
months if used infrequently. Before complete calibration, 
thoroughly clean and inspect this instrument as outlined in 
the Maintenance section. 



As an aid to the calibration of the instrument, a Short- 
Form Procedure is given prior to the complete procedure. 
To facilitate instrument calibration for the experienced 
calibrator, the Short-Form Procedure lists the calibration 
adjustments necessary for each step and the applicable 
tolerances. This procedure also includes the step number 
and title as listed in the complete Performance Check/Cali- 
bration Procedure and the page number on which each step 
begins. Therefore, the Short-Form Procedure can be used as 
an index to locate a step in the complete procedure. 
Another feature of the Short-Form Procedure is the spaces 
provided to record performance data or to check off steps 
as they are completed. This procedure can be reproduced 
and used as a permanent record of instrument calibration. 



The complete Performance Check/Calibration Procedure 
can be used to check instrument performance without 
removing the covers or making internal adjustments by 
performing all portions except the ADJUST- part of a 
step. Screwdriver adjustments which are accessible without 
removing the covers are adjusted as part of the performance 
check procedure. A note titled PERFORMANCE CHECK 
ONLY gives instructions which are applicable only to the 
performance check procedure ar>d lists the next applicable 
step for the performance check procedure. 



Completion of each step in the complete Performance 
Check/Calibration Procedure insures that this instrument 
meets the electrical specifications given in Section 1. Where 
possible, instrument performartce is checked before an 
adjustment is made. For best overall instrument per- 
formance when performing a complete calibration pro- 
cedure, make each adjustment to the exact settir>g even if 
the CHECK— is within the allowable tolerarrce. 



NOTE 

AH waveforms shown in this procedure were taken 
with a Tektronix Oscilloscope Camera System. 
Limits, tolerances and waveforms in this procedure 
are given as calibration guides and should not be 
interpreted as instrument specifications except as 
specified in Section 1. 

A partial calibration is often desirable after replacing 
components, or to touch up the adjustment of a portion of 
the instrument between major recalibrations. To check or 
adjust only part of the instrument, set the controls as given 
under Preliminary Control Settings and start with the near- 
est test equipment picture preceding the desired portion. If 
any controls need to be changed from the preliminary 
settings for this portion of die calibration procedure, they 
are listed under the heading Partial Procedure following the 
equipment required picture. To prevent unnecessary recali- 
bration of other parts of the instrument, readjust only if 
the tolerance given in die CHECK— part of the step is not 
met. If readjustment is necessary, also check the calibration 
of any steps listed in the INTERACTION— part of the step. 



TEST EQUIPMENT REQUIRED 

General 

The following test equipment and accessories, or its 
equivalent, is required for complete calibration of the 7704. 
Specifications given are the minimum necessary for accur- 
ate calibration. Therefore, some of the recommended 
equipment may have specifications which exceed those 
given. All test equipment is assumed to be correctly cali- 
brated and operating within the given specifications. If 
equipment is substituted, it must meet or exceed the speci- 
fications of the recommended equipment. 

Special Tektronix calibration fixtures are used in this 
procedure only where they facilitate calibration. These 
special calibration fixtures are available from Tektronix, 
Inc. Order by part number through your local Tektronix 
Field Office or representative. 
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Test Equipment 

1. Variable autotransformer.' Must be capable of 
supplying about 250 volt-amperes over a range of 95 to 136 
volts <190 to 272 volts for 230-volt nominal line). (If auto- 
transformer does not have an AC voltmeter to indicate out- 
put voltage, monitor the output with an AC voltmeter with 
a range of at least 136 or 272 volts, RMS.) For example. 
General Radio W10MT3A Metered Variac Autotransformer. 
(Use General Radio W20HMT3A for 230-volt nominal 
operation.) 

2. Precision DC voltmeter.' Accuracy, within 0.1%; 
resolution, 50 microvolts; range zero to 500 volts. For 
example. Fluke Model 825A Differential DC Voltmeter. 

3. DC voltmeter (VOM). Range, zero to 6(X)0 volts; 
accuracy, checked to within 1% at -2960 volts. For ex- 
ample, Triplett Model 630-NA.^ 



4. Time-mark generator. Marker outputs, 5 nano- 
seconds to 0.5 second: marker accuracy, within 0.1%. 
Tektronix Type 184 Time-Mark Generator recommended. 



5. Constant-amplitude sine-wave generator. Frequency. 
350 kilohertz to 100 megahertz; reference frequency, 50 
kilohertz: output amplitude, variable from five millivolts to 
five volts peak to peak into 50 ohms: amplitude accuracy, 
output amplitude constant within 3% at 50 kilohertz and 
350 kilohertz to 100 megahertz. Tektronix Type 191 Con- 
stant Amplitude Signal Generator recommended. 



6. High-frequency constant amplitude signal generator. 
Frequency, 65 megahertz to above 190 megahertz: refer- 
ence frequency, 3 megahertz; output amplitude, variable 
from 0.5 volt to five volts; amplitude accuracy, within 1% 
at three megahertz and from 65 megahertz to 300 mega- 
hertz. Tektronix calibration fixture 067-0532-00 recom- 
mended. 



7. Vertical plug-in unit, Tektronix 7A16. Two required. 



8. Time Base plug-in unit, Tektronix 7870. 



9. Delayir\g Time Base plug-in unit, Tektronix 7871. 



' Not rM)uir«d lor porformaneo chock only, 

^If a pracision voitago dividar i» available for ute with iho precision 
DC voltmatar (such as Fluka 80E-2I It can be used in piece of this 
mater. 



10. Tektronix Calibration Fixture, 067-0587-00. 



11. Probe, 10X attenuation, 290 megahertz bandwidth. 
Tektronix P6053. 



12. Probe, IX attenuation. 30 MHz bandwidth. Tek- 
tronix P6052. 



13. Dual Input Coupler. Matched signal transfer to each 
input. Tektronix Calibration Fixture 067-0525-00. 



Accessories 

14. BNC T connector. Tektronix Part No. 103-(X)30-(X). 



IS. In-line termination. Impedance, 50 ohms; accuracy, 
±2%: connectors, BNC. Tektronix Part No. 01 1-0049-01 . 



16. In-line termination. Impedance, 50 ohms; wattage 
rating, two watts; accuracy. t2%, connectors. GR874 input 
with BNC male output. Tektronix Part No. 017-0083-00. 



17. Cable. Impedance, 50 ohms; type RG-58/U: length, 
18 inches: connectors, BNC. Tektronix Part No. 
012-0076-00. 



18. Cable. Impedance, 50 ohms; type RG-58/U; lengdi, 
42 inches; connectors, BNC. Tektronix Part No. 
012-0057-01. 



19. Adapter. Adapts GR874 connector to BNC female 
connector. Tektronix Part No. 017-0064-00. 



Adjustment Tools 

20. Screwdriver. Three-inch shaft. Tektronix Part No. 
003-0192-00. 



21. Low-capacitance screwdriver.' 1 1/2-inch shaft. Tek- 
tronix Part No. 003-0000-00. 



22. Tuning tool.' Handle and insert for 5/64-inch (ID) 
hex cores. Tektronix Part No. 003-0307-00 and 
003-0310^. 
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SHORT-FORM PROCEDURE 
AND INDEX 

7704. Serial No. 

Calibration Date 

Elapsed-Time Reading 

Calibrated By 

1. Adjust -*-75 Volt Power Supply (R843I PageS-7 

REQUIREMENT: +75 Volts, ±0.375 volt. 
PERFORMANCE: + volts. 

2. Adjust —50 Volt Power Supply (R986) Page 5-8 

REQUIREMENT: -SOvolte, ±0.1 volt. 
PERFORMANCE: - volts. 

3. Check Power Supply Voltages and Page 5-8 
Regulation 

REQUIREMENT PERFORMANCE 



Supply Voltage Total 
Tolerance Ripple 

+5 volt ±0.15 volt 2 mV 

or less 

+15volt ±0.3volt 2 mV 

or less 

+50 volt ±0.6 volt 5 mV 

or less 

+75 volt Set in step 1 200 mV 

or less 

+150 volt ±6 volts 300 mV 

or less 

—15 volt ±0.3 volt 2 mV 

or less 

—50 volt Set in step 2 5 mV 

or less 

5 volt +0.2 to 10 mV 

(Control Ilium) —0.5 volt or less 



4. Adjust High Voltage Power Supply Page 5-9 
(R743) 

REQUIREMENT; -2960 volts. ±59.2 volts 
PERFORMANCE: - volU. 






5. Check/Adjust CRT Grid Bias and Page 5-9 
Maximum Intensity Levels (R739, R140) 

REQUIREMENT; See step 5 for complete procedure. 



PERFORMANCE: Correct ; Incorrect 

6. Check/Adjust ASTIG control Page 5-10 

REQUIREMENT : Optimum focus of CRT display. 
PERFORMANCE: Correct ; Incorrect 



7. Oieck/Adjust TRACE ROTATION ar»d Page 5-10 
Y Axis Alignment (R795) 

REQUIREMENT: Trace alignment vertically and 
horizontally ±0.1 division. 

PERFORMANCE: Trace alignment vertically and 
horizontally ± division. 



8. Check/Adjust Vertical Amplifier, Left Page 5-12 
Vertical and Right Vertical Centering (R443, 

R257, R277) 

REQUIREMENT: Traces centered, ±0.6 division with 
no readout. 

Traces centered, ±0.8 division with 



readout. 

PERFORMANCE: Traces centered, ± division. 

9. Check/Adjust Venical Output Amplifier Page 5-12 
Gain (R468) 



REQUIREMENT : Six divisions, ±0.06 division. 
PERFORMANCE; divisions. 



10. Check/Adjust Right Vertical Amplifier Page 5-13 
Gain (R242) 

REQUIREMENT: Matches Left Vertical Amplifier 
within 1%. 

PERFORMANCE: Correct ; Incorrect 
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11. Check Vertical Amplifier Low Fre- Pa9eS-13 
quency Linearity 

REQUIREMENT; Compression or expansion of 0.1 
division or less. 

PERFORMANCE: Compression or expansion of 

division. 



12. Check/Adjust Horizontal Amplifier Page 5-14 
Thermal Balance (RS71) 

REQUIREMENT : See step 12 for complete procedure. 
PERFORMANCE: Correct ; Incorrect 



13. Check/Adjust Horizontal Amplifier PageS-IS 

Centering (R529) 

REQUIREMENT: Trace centered, ±0.6 division with 
no readout. 

Trace centered, ±0.8 division with 
readout. 

PERFORMANCE: Trace centered ± division. 



14. Check/Adjust Horizontal Amplifier Page 5-15 
Gain and DC Linearity (R522) 

REQUIREMENT: Eight divisions deflection, ±0.08 
division: linearity, ±0.05 division. 

PERFORMANCE: Correct ; incorrect 



15. Check/Adjust Readout Character Sepa- Page 5-16 
ration and Operation (R1285) 

REQUIREMENT; See step 15 for complete procedure. 

PERFORMANCE; Correct ; Incorrect 



16. Check/Adjust CRT Geometry (R792) Page 5-17 

REQUIREMENT: Bowing of markers within 0.1 
division. Trace parallel to the top and bottom of the 
graticule within 0.1 division. 

PERFORMANCE: Within division. 

17. Check/Adjust Vertical Amplifier Tran- Page 5-17 
sient Response (C244, C274, C430, C458, 



C483, C485, L483, L484, R274, R254, 

R421, R422, R423, R430, R458) 

REQUIREMENT : Optimum square leading corner. 

PERFORMANCE: Correct ; Incorrect 



18. Check Vertical Amplifier Bandwidth Page 5-19 

REQUIREMENT: At least 190 megahertz bandwidth. 
PERFORMANCE; Bandwidth, megahertz. 

19. Check Vertical SIG OUT Bandwidth Page 5-20 

REQUIREMENT: 65 megahertz or higher. 
PERFORMANCE: megahertz. 

20. Check Channel Isolation Page 5-20 

REQUIREMENT: 0.1 division or less (100:1 DC to 



150 MHz). 

PERFORMANCE: Correct ; Incorrect 



21. Check/Adjust High Frequency Timing Page 5-20 
(C569, C579. C568, R568) 



REQUIREMENT: See step 21 for complete procedure. 
PERFORMANCE: Correct ; Incorrect 

22. Check/Adjust CALIBRATOR (R649. Page 5-21 
R640, R625) 

REQUIREMENT: 0.4 volt ±0.004 volt. 
PERFORMANCE; 0.4 volt ± volt. 

REQUIREMENT: 1 kHz ±0.25%. 

PERFORMANCE: Correct ; Incorrect 

REQUIREMENT: 50% duty factor ±0.1%. 
PERFORMANCE: Correct ; Incorrect 
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REQUIREMENT; 4 mV through 4 V waveform rise- 
time and falltime, 0.25 lis or less. 

40 V waveform risetime and fall- 
time, 2 ^ or less. 

PERFORMANCE: Correct ; Incorrect 



23. Check/Adjust X-Y Delay Compensation Page 5-23 
(C55, C70I 

REQUIREMENT: Waveform eye-opening of 0.28 
division or less. 

PERFORMANCE: Correct ; Incorrect 



24. Check Horizontal Bandwidth with Phase Page 5-24 
Correction 

REQUIREMENT: -3 dB Bandwidth at least 3 MHz. 
PERFORMANCE: Correct ; Incorrect 



25. Check VERT TRACE SEPARATION Page 5-24 
(8) Control Range 

REQUIREMENT: B trace can be positioned from +4 
to divisions to —4 to —6 divisions from the position 
of the A trace. 

PERFORMANCE: Correct ; Incorrect 



26. Check/Adjust Z-Axis Amplifier Com- Fags 5-25 
pensation (C732, R719) 

REQUIREMENT: Waveform risetime of 30 nano- 
seconds or less. 

PERFORMANCE: Waveform risetime nano- 

seconds. 



27. Check * SAWTOOTH OUT Signal Page 5-25 

REQUIREMENT: Output amplitude 10 volts or 
greater. 

PERFORMANCE: Output amplitude volts. 



28. Check * GATE OUT Signal Page 5-26 

REQUIREMENT: Output voltage 10 volts ±1 volt. 
PERFORMANCE: Output voltage volts. 

29. Check Chopped Mode Operation Page 5-26 

REQUIREMENT; See step 29 for complete procedure. 
PERFORMANCE: Correct ; Incorrect 



30. Check External Z-Axis Inputs Page 5-26 

REQUIREMENT: See step 30 for complete procedure. 
PERFORMANCE: Correct ; Incorrect 



PERFORMANCE CHECK/CALIBRATION 
PROCEDURE 



General 

The following procedure is arranged so the 7704 Oscillo- 
scope can be calibrated with the least Interaction of adjust- 
ments and reconnection of equipment. A picture of the test 
equipment required for each group of steps is given to aid 
in identification of the necessary equipment. The control 
settings and test equipment setup throughout this pro- 
cedure continue from the preceding step(s) unless noted 
otherwise. The control settings can be checked at any "test 
equipment required" picture by setting the controls as 
given at dte start of the procedure under the heading Pre- 
liminary Control Settings. Then make any changes listed 
following the test equipment required picture. 



NOTE 

Control titles Mhich are printed on the front pane! of 
the 7704 are capitalized in this procedure le.g., 
INTENSITY). Internal adjustments are initially 
capitalized only (e.g., CH 1 Gain). 



The following procedure uses the equipment listed under 
Test Equipment Required. If other equipment is substi- 
tuted, control settings or calibration setup may need to be 
altered to meet the requirements of the equipment used. 
Detailed operating instructions for the test equipment are 
not given in this procedure. Refer to the instruction manual 
for the test equipment if more information Is needed. 



® 
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NOTE 

For best overall accuracy, ^is instrument should be 
calibrated and checked at an ambient temperature of 
±5*C. However, the performance of this 
instrument can be checked at any temperature within 
the (fC to -t-SffC range; any specification changes 
related to temperature are noted in the calibration 
procedure. 



Preliminary Procedure for Performance Check 
Only 

1. Connect the 7704 to a power source which meets the 
voltage and frequency requirements of this instrument. 

2. Set the controls as given under Preliminary Control 
Settings. Allow at least 20 minutes warmup before pro- 
ceeding. 

3. Begin performance check with step S. 

Preliminary Procedure for Complete Calibration 

1 . Connect the autotransformer artd test equipment to a 
suitable power source. 



2. Turn on the autotransformer. 



3. Set the autotransformer output for the nominal line 
voltage to be used (115 volts or 230 volts) . 



4. Remove the side and bottom panels from the 7704. 

5. Check that the voltage selector on the 7704 rear panel 
is set to correspond to ^e autotransformer output voltage. 



Preliminary Control Settings 

Set the 7704 controls as follows: (no plug-ins need be 
installed at this time). 

VERTICAL MODE LEFT 

HORIZONTAL MODE A 

A TRIGGER SOURCE VERT MODE 
B TRIGGER SOURCE VERT MODE 
FOCUS CCW 

A INTENSITY CCW 

B INTENSITY CCW 

CONTROL ILLUM OFF 

READOUT CCW (in detent) 

CALIBRATOR 4 V 

RATE 1 kHz 
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PraoMon 
DC irel ti iwtir 




Thrti-inch 18-irtch PS062 

KfWfdnvtr ^ 1 , 



Fig. 5-1. Test equipment reguireO for steps 1 through 11. 



1. Adjust +75 Volt Power Supply O 



PERFORMANCE CHECK ONL Y 

Steps 1 through 4 are not applicable to a performance 
check. Set controls as given under Preliminary Con- 
trol Settings and begin with step 5. 



a. Test equipment required for steps 1 through 11 is 
shown in Fig. 5-1. 



b. Connect the precision DC voltmeter between the +75 
volt test point (see Fig. S-2) on the power supply Regulator 
circuit board and ground. 



c. CHECK— Meter reading: +75 volts. ±0.375 volt. 



d. ADJUST- +75 Volt adjust R483 (see Fig. 5-3) for a 
meter reading of exactly +75 volts. 



e. Remove the meter lead from the +75 volt test point. 

f. Check step 4. 



♦7S-»oh 
tost point 




Fig. 6-2. Location of *75 volt ttst point on power supply 
rogulalor circuit board. 
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Fig. S-3. Location of *7S Volt adjuit RMS. 



Fig. S-4. Location of —SO Volt adjuft R9B6 and tan point. 



2. Adjust —50 Volt Power Supply O 

a. Connect the precision DC voltmeter between the —50 
volt test point on the power supply Regulator circuit board 
and ground (see Fig. 54). 



b. CHECK— Meter reading: —SO volts. ±0.1 volt. 



c. ADJUST so Volt adjust R986 (see Fig. 54) for a 

meter reading of exactly —SO volts. 



d. INTER ACTION— May affect the operation of all 
other circuits in the 7704. Check st^ 4. 



e. Remove the meter lead from the —50 volt test point. 



3. Check Power Supply Voltages And Regulation 

a. Table 5-1 lists the power supplies in the instrument. 
Check each supply with the precision DC voltmeter for out- 
put voltage within the given tolerance. Power supply test 
points are shown in Fig. 5-5. 



b. Remove the precision DC voltmeter from the 7704. 



c. Install a 7A16 in the LEFT VERT compartment and a 
7B71 in the A HORIZ compartment. 



d. Connect an 18-inch BNC cable between the CALI- 
BRATOR connector and the Input connector on the 7A16. 



TABLE 5-1 



Power Supply 


Output Voltage 
Tolerance 


Ripple limits 


5 Volt 


±0.15 volt 


2 mV or less 


+ 15 Volt 


±0.3 volt 


2 mV or less 


•f 50 Volt 


±0.6 volt 


5 mV or less 


75 Volt 


±0.375 volt 


2(X) mV or less 


+150Volt 


±6 volts 


300 mV or less 


-15 Volt 


±0.3 volt 


2 mV or less 


-50 Volt 


±0.1 volt 


5 mV or less 


5 Volt 

(Control Ilium) 


+0.2 volt to 
—0.5 volt 


10 mV or less 



e. Set the CALIBRATOR switch to 40 mV and the 
Volts/Div switch on the 7A16 to 10 mV. 



f. Set die triggering controls on the 7B71 for a free 
running trace. 



g. Adjust the Gain control on the 7A16 for four divi- 
sions of vertical deflection (preliminary adjustment). 



h. Remove the 50-ohm BNC cable from the 7A16. 



i. Connect a P6052 probe (set for XI attenuation) to 
the Input connector of the 7A16. 



j. CHECK— Refer to Fig. 5-5 for the appropriate test 
points and check each supply for proper regulation at 90 
VAC, 115 VAC, and 136 VAC line voltages. Ripple limits 
are given in Table 5-1. 
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+15-VOII 
irn point 



* 150 volt ■ '»S0-«olt 
tosi point liMtpoint 



75 volt 

11 point 



GND 



-60 volt 
lost point 



test point 



*5 volt 

tan point 



iControl Mluml 
ten point 




Fig. S-6. Locetion of -2960 Volta ton point and High Voltaga 
adjuttmant R743. 



c. Turn on the power to the 7704. 



d. CHECK-Meter reading of -2960 volts, ±59.2 volts. 



Fig. S-5. lAI Location of power nippiy last points on Ragulator 

circuit board. (B) Location of 5 Volt (Control Ilium) power supply 8 . ADJUST— High Voltage. R743 (see Fig. 5-6) for a 

test point. meter reading of —2960 volts. 



k. Remove the P6052 probe from die 7704. 



I. Return the autotransformer output voltage to 115 
VAC. 

4. Adjust High Voltage Power Supply O 



WAitNfMC 



Care should be aken to accurately adjust the Hi^ 
Voltage supply, the -50 Volt supply, and the *75 
Volt supply to minimize x-ray emission from the 
CRT faceplate. 



a. Turn off the power to the 7704. 



b. Connect the DC voltmeter (VOM) between the high 
voltage test point (see Fig. 5-6) and ground.^ 

a praciiion high voltaga dividar is availabla, this measuramant 
Uiould ba mada using tha precision divider in conjunction with tha 
precision OC vottmatar. 



f. Turn off the power to the 7704. 

g. Remove the meter leads from the 7704. 

h. Turn on the power to the 7704. 

i. INTERACTION-Check step 5. 

5. Check/Adjust CRT Grid Bias and O 

Maximum Intensity Levels 

a. Install the 067-0587-00 calibration fixture in the 
LEFT VERT compartment. 

b. Install the 7671 Delaying Time Base plug-in in the A 
HORiZ compartment. 

c. Set the 7B71 Time/Div switch to 5 s. 
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Fig. 5-7. (A) Leeatien of TP736 vid CRT Grid 8ia* Adjuttmont 
R739. <B) Location of Maximum Intantitv adjuttmant R140. 



d. Connect the DC voltmeter (VOM) between test point 
736 on the Z Axis circuit board and ground (see Fig. 6-7A). 



e. With the 7B71 Delaying Time Base free-running at 5 
$/div, note the voltage measured at test point 736 with the 
A INTENSITY control fully counterclockwise. 



f. Adjust the A INTENSITY control for a meter reading 
four volts more positive than the reading noted in step e. 

g. CHECK-Oot on CRT screen should be just ex- 
tingui^ed. 

h. ADJUST— R739 (see Fig. 5-7A) so the dot on the 
CRT screen is just extinguished. 

i. Change the 7B71 Time/Div control to 50 ms. 



j. With the trace fully de-focused and positioned off 
screen, set the A INTENSITY control to the full clockwise 
position. 

k. CHECK— Meter reading should be 64 volts more posi- 
tive than the readirtg noted in step e. 

l. AOJUST-R140 (see Fig. 5-7B) for a meter reading 64 
volts more positive than the reading noted in step e. 

m. Set the 7B71 Time/Div control to .1 S. 



n. CHECK-Meter reading should be +35 to +50 volts. 
NOTE 

This tolerance is intended as a guide to correct instru- 
ment operation and is not an instrument specifi- 
cation. 



0 . Reduce the A INTENSITY Level to a normal viewing 
level. 



p. Remove the DC voltmeter (VOM) leads from the 
7704. 



6. Check/Adjust ASTIG Control O 

a. Apply sufficient calibrator signal to the Aux In con- 
nector of the 067-0587-00 calibration fixture to obtain 
about two divisions of vertical deflection. 



b. CHECK— Optimum focused CRT display can be 
obtained by adjusting the FOCUS control. 

c. ADJUST-FOCUS and ASTIG adjustments to obtain 
optimum focused display. 



7. Check/Adjust TRACE ROTA- O 

TION and Y Axis Alignment 

a. Remove the 7B71 Delaying Time Base from the A 
HORIZ compartment and install it in the B HORIZ com- 
partment. 

b. Remove the 067-0567-00 calibration fixture from the 
LEFT VERT compartment and install it in the A HORIZ 
compartment. 
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Pig. 6-6, Location of V Axis Alignment control R79S 



Cantering 



Left Vertical 



R277 



<ghi Vertical Cantering 
R257 



c. Install a 7670 Time Base in the RIGHT VERT com 
partment. 



d. Change the following control settings 



VERTICAL MODE ALT 
HORIZONTAL MODE ALT 



e. Position the two traces to the vertical and horizontal 
centerlines of the CRT graticule. Use the VERT TRACE 
SEPARATION (B) control to position the horizontal trace 
and the calibration fixture Position control to position the 
vertical trace. 



f. CHECK-The vertical trace aligns with the graticule 
center vertical line within 0.1 division and the horizontal 
trace aligns with the graticule center horizontal line within 
0.1 division. 



Vcrticel Output Certtaring 



R443 



g. ADJUST-TRACE ROTATION and Y Axis Alignment 
R795 (see Fig. 5-8) so the vertical and horizontal traces 
align with the vertical and horizontal graticule center lines 
exactly. 



h. INTERACTION-Check step 13 




If the 7704 under calibration contains Option 1, 
(readout deleted) omit step 8 and proceed with step 
8A. 
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8. Check/Adjust Vertical Output O 

Amplifier Centering and Left Vertical 
and Right Vertical Centering (For 
Instruments With Readout) 

a. Turn off the 7704 power. 



b. Remove Q1143 (see Fig. 5-9A) from its socket. 



c. Turn on the 7704 power. 



d. Remove the 7870 Time Base from the RIGHT VERT 
compartment. 



e. Change the HORIZONTAL MODE switch to B. 



f. CHECK— Displayed readout characters should be 
equally spaced vertically from the graticule center line. The 
alternating traces should be within 0.8 division of the 
graticule center line. 



NOTE 

This tolerance is intended as a guide to correct instru- 
ment operation and is not an instrument specifi- 
cation. 



g. ADJUST-Vertical Output Amplifier Centering adjust- 
ment R443 (see Fig. 5-9C) for equal spacing of the dis- 
played readout characters from the graticule center line. 
Adjust R257 and R277 (see Fig. 5-9B) to position the alter- 
nating traces to the graticule center line. 



NOTE 

if the 7704 under calibration does not contain 

Option 1 (Readout deleted) omit step 8A and pro- 
ceed with step 9. 

8A. Check/Adjust Vertical Output O 

Amplifier Centering and Left Vertical 
and Right Vertical Centering (For 
Instruments Without Readout) 

a. Remove the 7B70 Time Base from the RIGHT VERT 
compartment. 

b. Change the HORIZONTAL MODE switch to B. 

c. CHECK-Oisptayed traces should align with the grati- 
cule center horizontal line ±0.6 division. 



NOTE 

This tolerance is intended as a guide fo correct instru- 
ment operation and is not an instrument specifica- 
tion. 



d. ADJUST— Left Vertical Centering R277 (see Fig. 
5-9B) and Right Vertical Centering R257 (see Fig. 5-9BI to 
position the alternating traces to the graticule horizontal 
center tine. 



e. Change the VERTICAL MODE switch to ADO. 



f. CHECK-Trace should align with the graticule hori- 
zontal center line ±0.6 division. 

NOTE 

This tolerance is intended as a guide to correct instru- 
ment operation and is not an instrument specifica- 
tion. 

g. ADJUST-Note the distance the trace is displaced 
from the graticule horizontal center line. Adjust the 
Vertical Centering adjustment R443 (see Fig. 5-9C) to 
position the trace away from the graticule horizontal center 
line by twice the distance noted prior to adjustment, (e.g.. 
if the trace was down 0.1 division, adjust R443 to position 
the trace down 0.2 division.) 

h. Repeat steps d throu^ g until vertical centering is 
achieved in all vertical modes. 



9. Check/Adjust Vertical Output O 

Amplifier Gain 

a. Remove the 067-0587-00 calibration fixture from the 
A HORIZ compartment and install it in die LEFT VERT 
compartment. 

b. Set the VERTICAL MODE switch to LEFT. 



c. Set the Test switch on the calibration fixture to Vert 
or Horiz Gain. 



d. CHECK-Deflection between the second and sixth 
traces should be 6 divisions ±0.06 division. 

NOTE 

This tolerance is provided as a guide ro correct instru- 
ment operation artd is not an instrument specifica- 
tion. 
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Fig. S-10. Location of Vortical Output Amplifiar Gain control 
R468. 



e. ADJUST -Vertical Output Amplifier Gain control 
R468 (see Fig. 5-10) for exactly 6 divisions of deflection 
between the second and die sixth traces. 




Fig, 5-11. Location of Right Vortical Amplifiar Gain control R242. 



10. Check/Adjust Right Vertical O 

Amplifier Gain 

a. Remove the 067-0587-00 calibration fixture from the 
LEFT VERT compartment and install it in the RIGHT 
VERT compartment. 



b. Connect the CALIBRATOR connector to the Aux In 
connector on the calibration fixture via a 50-ohm BNC 
cable. 



b. Change the VERTICAL MODE switch to RIGHT. 

c. CHECK-Deflection between the second and sixth 
traces should match the deflection of the Left Vertical 
Amplifier within 1% (0.06 division). 



c. Adjust the CALIBRATOR output amplitude and the 
calibration fixture Amplitude Step or Aux control for 
exactly two divisions of vertical deflection at the center of 
the CRT graticule. 

d. Set the top of the display to the upper graticule line. 



d. ADJUST-Right Vertical Amplifier Gain adjustment 
R242 (see Fig. 5-11) to match the gain of the Right Verti- 
cal to the gain of ^e Left Vertical within 1% (0.06 
division). 

11. Check Vertical Amplifier Low Frequency 
Linearity 

a. Set the Test switch on the 067-0587-00 calibration 
fixture to Aux In. 



e. CHECK— Compression or expansion of less than 0.1 
division. 

f. Set the bottom of the display to the bottom graticule 
line. 

g. CHECK— Compression or expansion of less than 0.1 
division. 
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Fig. S-12. Ten equipment required for steps 12 through 17. 



Partial Procedure 

If beginning a partial procedure with this step, set the 
controls as given under Preliminary Control Settings except 



as follows: 

VERTICAL MODE 
HORIZONTAL MODE 
FOCUS 
A INTENSITY 
B INTENSITY 
READOUT 



RIGHT 

CHOP 

Focused CRT display 
Normal viewing level 

For visible characters if avail- 
able 



12. Check/Adjust Horizontal Ampli- O 

fier Thermal Balance 

a. Test equipment required for steps 12 through 17 is 
shown in Fig. 5-12. 



d. Install the 067-0587-00 calibration fixture in the 
RIGHT VERT compartment. 



e. Set the 7B71 Time/Div switch to 50 ms with the Mag 
atXIO. 



f. Set the 7B70 Time/Div switch to 50 ps with the Mag 
at XI. 



g. Connect the Type 184 Time Mark Generator to the 
input connector of the calibration fixture via a 50-ohm 
BNC cable. 



h. Set the Type 184 Marker Selector switch to 50 ps. 



b. Install a 7B70 Time Base in the B HORIZ compart- 
ment. 



I. Set the VERTICAL MODE switch to RIGHT and the 
HORIZONTAL MODE switch to CHOP. 



c. Install a 7871 Delaying Time Base in the A HORIZ |. Adjust the Level/Slope control on the 7B70 for a 

compartment. stable display of the time markers. 
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Fig. S-13. Location of Horitontal Atnplifiar Thermal Balance adjusl- 
ment R571. 



b. Set the VERTICAL MODE switch to LEFT and the 
HORIZONTAL MODE switch to B HORIZ. 



c. Set the calibration fixture Test switch to Triggering 
Gain. 



d. CHECK-Vertical trace should align with the graticule 
vertical center line ±0.8 division (±0.6 division if the 7704 
under calibration does not contain a readout circuit board). 
Check in all positions of die HORIZONTAL MODE switch. 



NOTE 

This tolerance is provided as a guide to correct instru- 
ment operation and is not an instrument specifica- 
tion. 



k. CHECK— Minimum horizontal movement of the read- 
out characters (if available) and the displayed time markers. 

l. ADJUST— Thermal Balance adjustment R571 (see Fig. 
5-13) for minimum movement of the readout characters (if 
available) and the displayed time markers. 



e. ADJUST-Horizontal (Entering adjustment R529 (see 
Fig. 5-14) to position die trace to the graticule vertical 
center line. 

f. INTERACTION-Check steps 12and 14. 



m. Change the 7B71 Time/Div switch to 50 p% with the 
Mag switch to XI. 

n. Change the 7B70 Time/Div switch to 50 ms with the 
Mag switch to X10. 



14. Check/Adjust Horizontal Ampli- O 

fier Gain and DC Linearity 

a. Change the 067-0587-CX) calibration fixture Test 
switch to Vert or Horiz Gain. 



o. Change the Level/Slope control of the 7670 to 
provide a free-running sweep and the Level/Slope control of 
the 7B71 for a stable display of the time markers. 

p. CHECK— Minimum horizontal movement of the read- 
out characters (if available) and the displayed time markers. 



q. ADJUST -Compromise the setting of the Thermal 
Balance adjustment RS71 (see Fig. 5-13) as set in step I to 
provide minimum horizontal movement of the readout 
characters and the displayed time markers. 



r. INTERACTION-Check steps 13 and 14. 

13. Check/Adjust Horizontal Ampli- O 

fier Centering 

a. Install the 067-0587-00 calibration fixture in the B 
HORIZ comparonent and the 7B71 Delaying Time Base in 
the LEFT VERT compartment. 



b. CHECK-Deflection between the second and eighth 
traces is 8 divisions ±0.08 division. 




Fip. 5-14. Loeitien of Horizontal Caniaring adjurtmani R529. 
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Fig. 5'1S. Location of Horizontal Amplifiar Gain adjust R522, 



NOTE 

This tolerance is provided as a guide to correct instru- 
ment operation and is not an instrument specifica- 
tion. 



c. ADJUST— Horizontal Amplifier Gain adjustment 
R522 (see Fig. 5-15) for 8 divisions of deflection between 
the second and eighth caces. 



d. CHECK— With gain set exactly, all nine vertical traces 
should align with their respective graticule lines within 0.05 
division. 
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Fig.S-16. lA) Location of Q1143 wtd R12S5. IB) Readout di«ltv 
with Q1 143 removed. 



e. INTERACTION-Check steps 12 and 13. 

NOTE 

If the 7704 being calibrated contains Option 1 (read- 
out deleted), omit step 15 and continue with step 16. 

15. Check/Adjust Readout Character O 

Vertical Separation and Operation 

a. Remove all of the plug-ins from the plug-in compart- 
ments. 



b. Remove Q1143 (see Fig. S-16A) if not previously 
removed. 



c. Adjust the READOUT intensity control for visible 
readout characters. 



d. CHECK-CRT display for two rows of zeros, 40 zeros 
to a row with no character overlap. Total length of each 
row of characters should be 9.5 divisions to 10.5 divisions. 
Character hei^t should be 0.25 division to 0.4 division. 
There should be one zero or less to the right of the right 
edge of the graticule and one zero or less to the left of the 
left edge of the graticule in each row. The two rows of 
zeros should be located vertically approximately in the 
middle of the extreme upper and lower graticule divisions. 
See Fig. 5-166. 



NOTE 

Some of these tolerances are provided as a guide to 
correct instrument operation and ere not instrument 
specifications. 



e. ADJUST— Readout Vertical Separation adjust R128S 
(see Fig. 5-16AI to position the rows of readout characters 
approximately in the middle of the extreme upper and 
lower graticule divisions. 
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f. Turn off the 7704 power. 

g. Install Q1 1 43 (removed in step 8) in its socket on the 
Readout circuit board. 

h. Turn on the 7704 power. 

16. Check/Adjust CRT Geometry O 

a. Install the 067-0587-00 calibration fixture in the 
LEFT VERT compartment and the 7870 Time Base in the 
B HORIZ compartment. 

b. Apply 1 ms and .1 ms time markers to the Aux In 
connector of the calibration fixture. 



c. Adjust the Level/Slope control on the 7B70 for a 
stable display. 

d. Adjust the Amplitude Step or Aux control on the cali- 
bration fixture $0 the time markers extend above and below 
the upper and lower graticule limits. 

e. Adjust the 7B70 Time/Div and Variable control if 
necessary to obtain one t ms marker per horizontal divi- 
sion. 



f. CHECK— CRT display for no more than O.t division of 
tilt or bowing of time markers anywhere in the graticule 
area. 




Fig. 5-17. Location of CaomatrY adjustmant R792. 



g. AOJUST-Geometry adjustment R792 (see Fig. 5-17) 
for no more than 0.1 division of tilt or bowing of time 
markers anywhere in the graticule area. 



h. Remove the time markers from the calibration fixture 
input. 

17. Check/Adjust Vertical Amplifier O 

Transient Response 

a. Set the 067-0587-00 calibration fixture Test switch to 
Step Resp * with the Rep Rate switch set to 250 kHz. 



b. Adjust the calibration fixture Amplitude Step or Aux 
control for six divisions of vertical deflection. 



c. Adjust the 7B70 Level/Slope control for a stable dis- 
play. 

d. CHECK— CRT display for optimum pulse square lead- 
ing corner and flat top. 



e. ADJUST— Refer to Table 5-2 and adjust for optimum 
pulse square leading corner and flat top. Adjustment loca- 
tions are shown in Fig. 5-18A and 5-186. 



TABLE 5-2 



Adjustment 


Area affected 


R423 


First .5 MS 


R421 


First .3 MS 


R422 


First .1 MS 


C430, R430 


f-irst 20 ns 


C483.C484. L483. L484 


First 10 ns 


C458. R458 


First 5 ns 


C274, R274 


Front corner 



f. Remove dte calibration fixture from the LEFT VERT 
compartment and install it in the RIGHT VERT compart- 
ment. 



g. Set VERTICAL MODE switch to RIGHT. 



h. CHECK— CRT display for optimum pulse square lead- 
ing corr>er and flat top. 



i. ADJUST -C244 and R254 (see Fig. 5-1881 for best 
front corner. 
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fig. 6*1 S. (A) Location of Vorticol Amplifitr Ironcitni rospooM odjustmonts. (B) Ri 9 ht Vorticjl Amplifiof Tr«n>^t RoiponM Adiutt* 
montt. 
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Prtcition 
DC Voltmeter 



7A16 

(2 required) 




7B71 7B70 067-0687-00 

n* • 



42-ineh 184nch 

BNC cable BNC cable 



SO-ohm 
Three-inch in-line 
•crewdriver termination 



5 nanosecond 
GR cable 



Dual-input 

Coupler 



50-ohm BNC 
termination 



Fig. S-19. Test equipment required for steps t8 through 30. 



Partial Procedure 

If beginning a partial procedure with this step, set the 
controls as given under Preliminary Control Settings except 
as follows; 

VERTICAL MODE RIGHT 
HORIZONTAL MODE B 

18. Check Vertical Amplifier Bandwidth 

a. Test equipment required for steps 18 through 30 is 
shown in Fig. &-19. 

b. Change the 067-0587-00 calibration fixture Test 
switch to Vert or Horiz Freq Resp. 



c. Connect the 067-0532-00 High Frequency Constant 
Amplitude Signal Generator to the 067-0587-00 calibration 
fixture CW In connector via a GR to BNC adapter and a 
50-ohm BNC cable. 

d. Adjust the Constant Amplitude Signal Generator to 
display six divisions of deflection of 3 megahertz reference 
frequency. 



e. Change the Constant Amplitude Signal Generator 
frequency rarrge switch to 65-500. 



f. Without changing the output amplitude, increase the 
output frequency of the constant amplitude signal genera- 
tor until the display is reduced to 4.2 divisions (-3 dB 
point). 



g. CHECK-Output frequency of 190 megahertz or 
higher (180 megahertz or higher if being checked at temper- 
atures of 0°C to ■♦■50°C|. 



h. Remove the 067-0587-00 calibration fixture from the 
RIGHT VERT compartment and install it in the LEFT 
VERT compartment. 



i. Change the VERTICAL MODE switch to LEFT. 



j. Repeat steps b through f. 



k. Remove all test equipment from the 7704. 











Performance Check/Calibration— 7704 



19. Check Vertical SIG OUT Bandwidth 

a. Remove the 067-0587 -00 calibration fixture from the 
LEFT VERT compartment and install it in the RIGHT 
VERT compartment. 

b. Install a 7A16 in the LEFT VERT compartment. 

c. Connect the vertical SIG OUT connector to the Input 
connector of the 7A16 via an 18-inch 50-ohm 6NC cable 
with a 50-ohm in-line 6NC termination at the 7A16 Input 
connector. 



d. Set the B TRIGGER SOURCE switch to RIGHT 
VERTICAL. 



e. Connect the output of the Type 191 Constant Ampli- 
tude Signal Generator to the CW In connector on the cali- 
bration fixture via a five-nanosecond GR cable artd a 
50-ohm in-line termination. 



f. Set the output frequency of the Type 191 to 2 
megahertz. 

g. Set the VERTICAL MODE switch to LEFT. 

h. Set the output amplitude of the Type 191 to obtain 6 
divisions of vertical deflection. 



i. Without changing the output amplitude of the Type 
191, increase the output frequerKy until the display is 
reduced to 4.2 divisions (-3 dB point). 



j. CHECK-Output frequency should be 65 megahertz 
(computed from risetime) or higher. 

k. Remove all test equipment from the 7704. 

20. Check Channel Isolation 

a. Remove the 067-0587 00 calibration fixture from the 
RIGHT VERT compartment. 

b. Set the 7A16 Volts/Oiv switch to .5 V. 

c. Connect the output of the 067-0532-00 High Fre- 
quency Signal Generator to the Input connector of the 
7A16. 



d. Set the signal generator for an output frequency of 
150 megahertz. 

e. Adjust the output amplitude of the signal generator to 
obtain eight divisions of deflection. 

f. Set the VERTICAL MODE switch to RIGHT. 

g. CHECK-CRT trace for no more than 0.1 division of 
150 megahertz signal. 

h. Repeat steps d through g with the 7A16 installed in 
the RIGHT VERT compartment. Check the LEFT 
VERTICAL to see how much 150 megahertz signal is 
present. 

i. Remove all test equipment from die 7704. 

21. Check/Adjust High Frequency Timing O 

a. Connect one millisecond time-markers to the 7A16 
Input connector. 



b. Set the 7B70 Time/Div switch to 1 ms. 



c. Set the B TRIGGER SOURCE switch to VERT 
MODE. 



d. Set the 7B70 Level/Slope control for a stable display. 



e. CHECK-CRT display for one time marker per 
division. 



f. ADJUST-7B70 Swp Cat control for one time marker 
per division. 



g. Change the 7870 Time/Div switch to .05 tis. 



h. Observe the setting of adjustable capacitors C569 and 
C579 (see Fig. 5-20). Nominal setting for them is equal 
adjustment at or near minimum capacity (turned out). 



i. Apply 50 ns time markers to the 7A16. 
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S-20. Loetlien of CS69. C579. C568. and R568. 



22. Check/Adjust CALIBRATOR O 

a. Connect the Precision DC voltmeter to the CAL con- 
r>ector. 

b. Set die RATE switch to DC. 

c. Set the CALIBRATOR switch to .4 V. 



d. CHECK-Output voltage measurement of .4 volt 
±0.004 volt (±0.008 volt if measurement is made in the 0°C 
to +50°C temperature range!. 



e. ADJUST— R649 (see Fig. 5-21) for an output voltage 
of .4 volt. 



NOTE 

For the faster time markers, it may become necessary 
to externally trigger the time base from the trigger 
output connector on the Type 184. 

j. Observe the amount of timing error present at 0.5 ps 
per division with the magnifier set to XI (timing set exactly 
at .1 ps/divi$ion). 

k. Set the 7B70 TIme/Div switch to .05 ps with the 
magnifier set to X10. 

t. Apply 5 ns time markers to the 7A16. 



f. Connect the Precision DC voltmeter to monitor the 
voltage across R642 (see Fig. 5-21 ). 



g. CHECK— Voltage measurement of 30.6 volts ±0.306 
volt (±0.612 volt if the measurement is being made in the 
0°C to +50“C temperature range). 



h. ADJUST-40 mA R640 (see Fig. 5-21) for a voltage 
measurement of 30.6 volts. 



i. Remove the Precision DC voltmeter from the 7704. 



m. CHECK— Timing error present is equal to the timing 
error observed at .OSps/div with XI magnifier. 

n. ADJUST— C568 (see Fig. 5-20) to adjust timing to the 
same timing error observed at .05 ps/div with XI magnifier. 

o. Set the 7B70 Time/Div switch to .02 ps/div widi X10 
magnification. 

p. CHECK— Timing error present is equal to the timing 
error observed at .02 ps/div with XI magnifier. 

q. ADJUST- R568 (see Fig. 5-20) to adjust timing to the 
same timing error observed at .02 ps/div with XI magnifier. 



r. Repeat steps j through q until proper timing Is 
obtained. 

s. Remove all test equipment from the 7704. 



A 




Fig. 5-21. Lecalion of R62S. R640. R6d2, and R549. 
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j. Install the 7A16 in the LEFT VERT compartment. 

k. Install the 067058700 calibration fixture in the 
RIGHT VERT compartment. 



l. Apply one millisecond time markers from the Type 
184 to the Input connector of the 7A16. 

m. Set the CALIBRATOR RATE switch to 1 kHz. 



n. Apply four volts of 1 kHz calibrator signal to the Aux 
In connector of the calibration fixture. 



o. Set the VERTICAL MODE switch to ALT. 



p. Set the B TRIGGER SOURCE switch to VERT 
MODE. 



q. Set the 7B70 Triggering to Norm, AC, Int with the 
Time/Div switch set to 1 ms. 



r. Adjust the deflection factors of the two vertical plug- 
in units to obtain about 2 divisions of deflection of time 
markers and 2 divi»ons of calibrator square wave. 

s. CHECK— Leading edges of calibrator square wave align 
with the 1 millisecond time markers. 



t. ADJUST-R625 (see Fig. 5-21) to align the leading 
edges of the calibrator square wave with d^e 1 millisecond 
time markers. 

u. Set the B TRIGGER SOURCE switch to RIGHT. 



V. Set the VERTICAL MODE switch to ADD. 



w. Set the 7B70 Time/Div switch to .2 ms. 

X. CHECK-Minimum drift of time markers across cali- 
brator square wave. 

y. ADJUST-R625 (see Fig. 5-21) for slowest drift of 
time markers across calibrator square wave. 



z. Set the B TRIGGER SOURCE switch to VERT 
MODE. 



aa. Set the 7B70 Level/Slope control so a triggered trace 
is present only when the time markers occur during the 
positive portion of the calibrator square wave. 

ab. Set the 7B70 Triggering Coupling switch to AC LF 
REJ. 



ac. Set the 7B70 Time/Div switch to .2 s. 



ad. CHECK— The amount of time required for the time 
markers to drift across the positive level of the calibrator 
square wave to the negative level and back to the positive 
level must be more than 0.4 second (more than 0.2 second 
if check is being made in the 0“C to ■•■50‘’C temperature 
range}. 



ae. ADJUST— repeat steps u through y to adjust R625 
(see Fig. 5-21) for slowest drift of time markers. 



af. Remove the cable from the input connector of the 
7A16. 



ag. Remove the cable from the input connector of the 
calibration fixture and connect it to the input connector of 
the 7A16. 



ah. Set the VERTICAL MODE switch to LEFT. 



ai. Adjust the 7A16 Volts/Div switch to obtain approxi- 
mately five divisions of vertical deflection. 



aj. Set the 7B70 Triggering Coupling switch to AC. 

ak. Adjust the 7B70 Level/Slope control for a stable dis- 
play triggered on the rising portion of the square wave. 

al. CHECK-Displayed waveform has a risetime from the 
10% to the 90% point of .25 tit or less. 



am. Adjust the 7B70 Level/Slope control for stable dis- 
play triggered on the falling portion of the square wave. 
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an. CHECK-Displayed waveform has a fatitime from the 
90% to the 10% point of .25 or less. 



30. Change the CALIBRATOR switch to 40 V. 

ap. Adjust the 7A16 Volts/Div switch to obtain five 
divisions of vertical deflection. 



aq. CHECK-With the 7B70 Level/Slope control set to 
trigger on the falling portion of the square wave, falltime 
from 90% to 10% must be 2 or less. 

ar. Set the 7B70 Level/Slope control to trigger on the 
rising portion of the square wave. 

as. CHECK-Displayed waveform for a risetime from the 
10% point to the 90% point of 2 ps or less. 



at. Change the 7A16 Volts/Div switch to 2 V and the 
CALIBRATOR switch to 4 V. 



au. Set the 7B70 Time/Div switch to 50 ps with the Mag 
switch set to X10. 



3v. Adjust the 7B70 Level/Slope control for a stable dis- 
play with the sweep starting at the 50% point of the rising 
edge of the waveform. 

aw. Horizontally position the falling edge of the wave- 
form to align with the vertical graticule center line. 

ax. Set the Polarity switch on the 7A16 to Invert. 



ay. CHECK— Duty cycle of the calibrator waveform is 
50% ±0.1% irtdicated by horizontal shift of the falling edge 
of the waveform of 0.4 division or less. 



az. Install a 7571 Delaying Time Base in the A HORIZ 
compartment. 

ba. Set the HORIZONTAL MODE switch to A. 



bb. Set the 7704 CALIBRATOR RATE switch to B 
GATE 2. 



be. Set the 7671 Time/Div switch to .2 ps. 



bd. With the 7B70 sweep untriggered and free running, 
set the 7671 Level/Slope conuol to obtain a stable display. 

be. CHECK— CRT display for a square wave with a time 
duration of approximately 5.5 division <1.1 ms) per cycle. 

bf. Remove all cable connections from the 7704. 



23. Check/Adjust X-Y Delay Compensation O 



NOTE 

If the 7704 under calibration does not contain 
Option 2, omit step 23 and proceed with step 24. 



a. Remove the 067-0587-00 from the RIGHT VERT 
compartment. 

b. Remove the 7B70 Time Base from the B HORIZ 
compartment. 

c. Remove the 7A16 Amplifier from the LEFT VERT 
compartment and install it in the RIGHT VERT compart- 
ment. 



d. Install a second 7A16 in the A HORIZ compartment. 



e. Change the following front panel control settings: 

VERTICAL MODE RIGHT 
HORIZONTAL MODE A 



f. Set the Volts/Div switches on the 7A16's to 10 mV. 



g. Connect the output of the Type 191 Constant Ampli- 
tude Signal Generator to the input connectors of the 
7A16's via a five-nanosecond GR cable, a 50-ohm In-line 
termination, and a dual-input coupler. 



h. Adjust the output amplitude of the Type 191 to 
obtain 8 divisions of vertical deflection and 8 divisions of 
horizontal deflection of 50 kHz reference frequency. 
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t. Set the Type 191 fof an output frequency of 2 
megahertz. 

}. Set the Delay Disable switches S50 and S70 (see Fig. 
5-22) to their In positions. 



k. CHECK— Eye opening in the CRT display of 0.28 
division or less. 



I. A0JUST-C55 (see Fig. 5-22) for an eye opening of 
0.28 division or less. 



m. Remove the 7A16 from the A HORIZ compartment 
and install it in the B HORIZ compartment. 



n. Change the HORIZONTAL MODE switch to B. 



0 . CHECK-Eye opening in the CRT display of 0.28 
division or less. 



p. ADJUST -C70 (see Fig. 5-22) for an eye opening of 
0.28 division or less. 



q. Remove all test equipment from the 7704. 




Fig. 5-22. Localion ol CSS. C7S, S50 arvi S70. 



24. Check Horizontal Bandwidth With Phase 
Correction 

a. Remove the 7A16 from the RIGHT VERT compart- 
ment. 

b. Install a 7B70 in the RIGHT VERT compartment. 

c. Set the Volts/Oiv switch of the 7A16 to .1 V. 

d. Connect the output of the Type 191 to the Input con- 
nector of the 7A16 via the S nsGR cable and a 50-ohm in- 
line termination. 

e. Set the Time/Div switch of the 7B70 to .1 ms. 



f. Set the Frequency Range switch of the Type 191 to 
50 kHz. 



g. Adjust the Type 191 output amplitude for 10 divi- 
sions of horizontal deflection. 

h. Change the output frequency of the Type 191 to 3 
MHz. 



i. CHECK-CRT display for 7.1 divisions of horizontal 
deflection (-3 dB point). 

j. Remove all test equipment and plug-ins from the 
7704. 

25. Check VERT TRACE SEPARATION (B) 
Convol Range 

a. Install a 7A16 in the RIGHT VERT compartment. 

b. Install a 7B71 Delaying Time Base in the A HORIZ 
compartment. 

c. Install a 7B70 Time Base in the 6 HORIZ compart- 
ment. 

d. Set the HORIZONTAL MODE switch to A and the 
VERTICAL MODE switch to RIGHT. 

e. Using the 7A16 Position control, position the A trace 
to the upper graticule limit. 



5-24 
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f. Set the HORIZONTAL MODE switch to ALT. 



g. Turn the VERT TRACE SEPARATION (B) control 
fully CCW. 



h. CHECK— B trace must be positioned at least 4 but no 
more than 6 divisions below A trace. 



i. Using the 7A16 Position control, position A trace to 
the lower graticule limit. 



j. Turn the VERT TRACE SEPARATION (B) control 
fully CW 



k. CHECK-B trace must be positioned at least 4 but no 
more than 6 divisions above A trace. 



26. Check/Adjust Z-Axis Amplifier O 

Compensation 

a. Connect a P6053 Probe to the Input connector of the 
7A16. 

b. Set the HORIZONTAL MODE switch to B. 



c. Set the 7B70 Time/Div switch to .02 ps. 



d. Connect die P6053 probe to test point 736 (see Fig. 
5-23) on die Z-Axis circuit board. 




e. Adjust the B INTENSITY control for 30 volts of 
unblanking waveform displayed on the CRT. 

f. ADJUST-R719 and C732 (see Fig. 5-23> for 
optimum square leading corner and a waveform risetime of 
30 nanoseconds or less. 



g. ADJUST-R719 and C732 (see Fig, 5-231 for 
optimum square leading corner and a waveform risetime of 
30 nanoseconds or less. 



h. Remove the P6053 probe from the 7704. 

i. Return the B INTENSITY control to a normal viewing 
level. 

27. Check + SAWTOOTH OUT Signal 

a. Connect the + SAWTOOTH OUT connector to the 
input of the 7A16 via a 50-ohm BNC cable. 

b. Set the HORIZONTAL MODE switch to A. 



c. Set the Swp A or B switch S666 (see Fig. 5-24) to the 
B position. 

d. Set the 7A16 Volts/Div switch to 2 V. 



e. Set the 7871 Time/Div switch to 1 ms and the 7B70 
Time/Div switch to .5 ms. 




Fig, S-23. Location of last point 736, C732, and R719. 



Fig. 5-24. Location of S666 and S607. 
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f, CHECK -CRT for sawtooth waveform display approx- 
imately S divisior-; m amplitude with the sawtooth wave- 
form duration to the setting of the 7B70Time/0iv 
switch. 



g. Change the HORIZONTAL MODE switch to B. 

h. Change the Swp A or B switch S666 (see Fig. 5-24) to 
the A position. 



j. Change the 7B71 Time/Div switch to .5 ms and the 
7B70 Time/Div switch to 1 ms. 



j. CHECK— CRT for sawtooth waveform display approxi- 
mately 5 divisions in amplitude with the sawtooth wave- 
form duration equal to the setting of the 7B71 Time/Div 
switch. 



28. Check + GATE Out Signal 

8. Remove the 50-ohm BNC cable from the SAW- 
TOOTH connector and connect it to the + GATE con- 
nector. 



b. Set the Gate A, B, or Dlyd switch S607 (see Fig. 5-24) 
to the A position. 

c. CHECK-CRT for gate waveform display approxi- 
mately 5 divisions in amplitude with the time duration of 
the gate pulses equal to the setting of the 7B71 Time/Div 
switch. 



d. Change the HORIZONTAL MODE switch to A. 

e. Change the Gate A, B, or Dlyd switch S607 (see Fig. 
5-24) to the B position. 



f. CHECK-CRT for gate waveform display approxi- 
mately 5 divisions in amplitude with the time duration of 
the gate pulses equal to the setting of the 7B70 Time/Div 
switch. 



g. Set the Gate A, B, or Dlyd switch S607 (see Fig. 5-24) 
to the Dlyd position. 

h. Change the 7671 B Delay Mode switch to S Starts 
After Delay. 



i. CHECK-CRT display for Delay Gate waveform 
approximately 5 divisions in amplitude with the time dura- 
tion of the gate pulse equal to the setting of the 7B70 
Time/Div switch. 



j. Remove the SO-ohm BNC cable from the 7704. 

29. Checked Chopped Mode Operation 

a. Set the VERTICAL MODE switch to CHOP. 



b. Conr>ect the P60S3 Probe to the Ext Trig In con- 
nector of the 7B71 Delaying Time Base. 



c. Connect the tip of the P6053 Probe to test point 137 
(see Fig. 5-25) located on the Logic circuit board. 



d. Adjust the 7B71 Level/Slope control to obtain a 
stable display. 



e. CHECK-CRT display for chopped waveform display 
with each channel time segment including blanked portion 
equal to 0.4 jus to 0.6 ps. Also check that the unblanked 
portion of each <^annel time segment consists of at least 
75% of total channel time segment. 



f. Remove the P6053 probe from the 7704. 

30. Check External Z Axis Inputs 

a. Connect the output of the Type 191 Constant Ampli- 
tude Signal Generator to the Input connector of the 7A16 




P>e. 5-2S. Location of Ion point 137. 
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via a 5 ns GR cable, a 50-obm in line termination and a 
T-connector. 



b. Set the 7A16 Volts/Div switch to 1 V. 

c. Set the Type 191 frequency range switch to 50 kHz. 

d. Adjust the output amplitude of the Type 191 for two 
volts. 

e. Connect the open end of the T-connector to the 
HIGH SENSITIVITY connector on the 7704 rear panel via 
8 50 ohm BNC cable. 

f. CHECK-CRT display for blanking of the top portion 
of the displayed waveform. 



g. Remove the 50-ohm BNC cable from the HIGH 
SENSITIVITY connector and connect it to the HIGH 
SPEED input. 

h. Change the output amplitude of the Type 191 to 
maximum. 

i. CHECK-CRT display for blanking of the top portion 
of the displayed waveform. 

j. Remove all test equipment form the 7704. 

This completes the calibration/checkout procedure for 
the 7704. Disconnect the instrument from the autotrans- 
former output. Replace the cabinet and any shields re- 
moved during the procedure. If the instrument has been 
completely checked and adjusted to the tolerances given In 
this procedure, it will meet or exceed the specifications 
given in Section 1 . 




PARTS LIST ABBREVIATIONS 



BHB 


binding heod brass 


inf 


internal 


BHS 


binding heod steel 


ig 


length or long 


cap. 


capacitor 


met. 


metal 


cer 


ceramic 


mtg hdw 


mounting hardwore 


comp 


composition 


OD 


outside diomeler 


conn 


connector 


OHB 


ovol head brass 


CRT 


cothode-ray tube 


OHS 


ovol head steel 


csk 


countersunk 


PHB 


pan head brass 


DE 


double end 


PHS 


pan head steel 


dio 


diameter 


piste 


plastic 


div 


division 


PMC 


poper, metal cased 


elec). 


electrolytic 


poly 


polystyrene 


EMC 


electrolytic, metol cased 


prec 


precision 


EMT 


electrolytic, metal tubular 


PT 


paper, tubulor 


exi 


external 


PTM 


poper or plostic, tubular, molded 


F & 1 


focus ond intensity 


RHB 


round heod bross 


FHB 


flat heod bross 


RHS 


round head steel 


FHS 


flot head steel 


SE 


single end 


Fil HB 


fillister head brass 


SN or S/N 


seriol number 


Fil HS 


fillister head steel 


sw 


switch 


h 


height or high 


TC 


temperature compensated 


hex. 


hexagonol 


THB 


truss head brass 


HHB 


hex head bross 


thk 


thick 


HHS 


hex head steel 


THS 


truss heod steel 


HS6 


hex socket bross 


tub. 


tubular 


HSS 


hex socket steel 


vor 


variable 


ID 


inside diameter 


w 


wide or width 


incd 


incondescenf 


WW 


wire- wound 




PARTS ORDERING INFORMATION 



Replacement ports ore ovoilable from or through your local Tektronix. Inc Field 
OKice or representative. 

Chonges to Tektronix instruments ore sometimes made to accommodate improved 
components as they become ovoiloble. ond to give you the benefit of the lotest circuit 
improvements develo|..d in our engineering department. It is therefore importont, when 
ordering parts, to include the following information in your order: Part number, instrument 
type or number, seriol or model number, ond modification number if opplicoble. 

If a port you hove ordered hos been replaced with o new or improved port, your 
local Tektronix, Inc. Field Office or representative will contoct you concerning ony change 
in port number. 

SPECIAL NOTES AND SYMBOLS 

Port first added oi this serial number 
Port removed otter this serial number 

Asterisk preceding Tektronix Part Number indicotes monufactured by 
or for Tektronix, Itk., or reworked or checked components. 

Part number indicated is direct replocement. 

Screwdriver odjustment. 

Control, adjustment or connector. 



xooo 

oox 

• 000 - 0000-00 
Use 000-0000-00 



O 
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SECTION 6 

ELECTRICAL PARTS LIST 

Values ore fixed unless marked Variable. 

Tektronix Sertal/Model No. 

Ckt. No. Port No. Eff Disc Description 



CHASSIS 

Bulbs 



DS780 


150-0030-00 


Neon, NE 2 V 


DS781 


150-0030-00 


Neon, NE 2V 


DS785 


150-0030-00 


Neon. NE 2 V 


DS786 


150-0030-00 


Neon, NE 2V 


OS787 


150-0030-00 


Neon. NE 2 V 


DS788 


150-0030-00 


Neon, NE 2V 


DS1035 


•150-0048-01 


Incondescent #683, selected 


DS1037 


•150-0048-01 


Incondescent #683, selected 



Tolerance ±20% unless otherwise indicoted. 



Capociters 



C400 


281-0670-00 


1.8 pF 


Cer 


500 V 


±0.1 pF 


C433 


281 -0064-00 


0.25-1.5 pF, Var 


Tub. 






C4B4 


281-0064-00 


0.25-1 .5 pF, Var 


Tub. 






C489 


283-0003-00 


0.01 ^F 


Cer 


150V 




C742 


283-0021-00 


0.001 fiF 


Cer 


5000V 




C762 


290-0312-00 


47 mF 


Elect. 


35 V 


10% 


a63 


290-0135-00 


15;iF 


Elect. 


20V 




C764 


285-0629-00 


0.047 fiF 


PTM 


lOOV 




C771 


290-0305-00 


3/iF 


Elect. 


isov 




C772 


283-0082-00 


0.01 ^F 


Cer 


4000V 


•f 80%-20% 


C779 


283-0082-00 


0.01 fsF 


Cer 


4000V 


+80% -20% 


C780 


290-0305-00 


3mF 


Elect. 


150V 





aai' 

as2' 

C783' 



C7B4» 

C785' 

C786' 

C787‘ 



C788 


283-0082-00 


0.01 pF 


Cer 


4000 V 


+ 80% -20% 


C789 


283-0082-00 


0.01 pF 


Cer 


4000 V 




a90 


283-0082-00 


0.01 fiF 


Cer 


4000 V 




C791 


283-0077-00 


330 pF 


Cer 


500V 


5% 


C800 


281-0708-00 


5600 pF 


Cer 


250 V 




C801 


281-0708-00 


5600 pF 


Cer 


250 V 





'FumliKed es a unit wilti Paw«r Supply lubetMmbly 1*1 ie-02}7*00l. 



® 
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CHASSIS (cont) 



Tektronix Serial/Model No. 



Ckt. No. 


Port No. Eff 


Disc 


Description 








Capacitors (cont) 








C813 


290-0413 00 


980 /iF 


Elect. 


200 V 


+ 50% -10% 


C8U 


2900413-00 


980 fiF 


Elect. 


200 V 


+S0%-10% 


C870 


285-0878-00 


0.3 ^F 


PTM 


900 V 


5% 


CS96 


290-0426-00 


330 fcF 


Elect. 


6V 




C897 


283-01 77-00 


l^F 


Cer 


25 V 


+ 80% -20% 


C1056 


281 -0501 -00 


4.7 pF 


Cer 


500V 


ctl pF 


Cl 057 


281-0625-00 


35 pF 


Cer 


500V 


5% 


C1081 


283-0177-00 


1/‘F 


Cer 


25 V 


+ 80% -20% 


Cl 082 


283-0177-00 


l^F 


Cer 


25 V 


+ 80%-20% 


Cl 083 


283-0177-00 


ImF 


Cer 


25 V 


+ 80% -20% 







Semicondgctor Device, Diodes 




CR771 


•152-0242-00 


Silicon 


Selected from 1N486A 


CR772 


152-0408-00 


Silicon 


High voltage, 10,000 V 


CR780 


•152-0107-00 


Silicon 


Reploceoble by 1N647 


CR781 

CR782= 


152-0408-00 


Silicon 


High voltage, 10,000 V 


CR783= 

CR784= 

CR785= 

CR786- 

VR786 


152-0247-00 


Zener 


1N989B 400 mW, 150 V, 5% 


CR896 


152-03974X1 


Silicon 


Post recovery, 50 V moximum 


CR897 


152-0397-00 


Silicon 


Fast recovery, reverse voltage 


CR1040 


*152-0274-00 


Silicon 


Reploceoble by 1N1200 


CR1041 


•152-0274-00 


Silicon 


Replaceable by 1N1200 






Fuses 





F800 


159-0017-00 


4 A 


3 AG 


Fast-Blo 


F810 


159-0021-00 


2 A 


3 AG 


Fast-8lo 


FI 040 


159-0014-00 


5 A 


3 AG 


Fost-Blo 



Line Filter 

FL801" 



Delay Line 

DL400 *n9-0214-00 Delay line 



'Fumifhtd at e unit with Pow«t Supply lubatianiUy <*1 lf>0327-00). 
Mtchenical Perti Utl tor r*ple<«m«nl pertt. 
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EIvctrical Ports List — 7704 



CHASSIS (cont) 

Tektronix Serial/Model No. 

Ckt. No. Port No. Eff Disc 



Description 



Connecters 



J6S0 


131-0818-00 


BNC, receptacle, electrical 


J1055 


131-0106-01 


Receptocle. electricol 


J1060 


131-0106-01 


Receptacle, electricol 


J1075 


136-0089-00 


9 pin 


J10B0 


131-0771-00 


Receptocle, electricol, 4 contoct 


J1085 


131-0771-00 


Receptocle, electrical, 4 contoct 


P1041 


•131-0765-00 


Terminal, feedthru 



Inductors 



L481 


•108-0241-00 


0.05 ,.H 


L482 


•108-0241-00 


0,05 /xH 


1483 


•114-0232-00 


0.13-0.22 Vor 


L484 


•114-0232-00 


0.13-0.22, .H, Var 


L642 


•119-0199-00 


Current loop 


L762 


•108-0422-01 


80;tH 


L764 


•108-0231-00 


4,5 ,iH 


L781 


•108-0553-00 


47,iH 


L7B8 


•108-0553-00 


47,.H 


L790 


•108-0544-00 


Trace rofotion 


L795 


*108-0546-00 


Y-AXIS olignment 


L800 


•108-0586-00 


116,tH 


1801 


•108-0586-00 


116^H 


L870' 







Transistors 



0480 


•151-0211-00 


Silicon 


Selected from 2N3866 


0482 


•151-0211-00 


Silicon 


Selected from 2N3866 


0764 


•151-0140-00 


Silicon 


Selected from 2N30SS 


0766 


•151-0140-00 


Silicon 


Selected from 2N3055 


0918 


•151-0140-00 


Silicon 


Selected from 2N3055 


0938 


•151-0148-00 


Silicon 


Selected from 40250 RCA 


0939 


•151-0141-00 


Silicon 


Selected from 40251 RCA 


0956 


•151-0141-00 


Silicon 


Selected from 40251 RCA 


0972 


•151-0148-00 


Silicon 


Selected from 40250 RCA 


0974 


•151-0141-00 


Silicon 


Selected from 40251 RCA 


0998 


•151-0140-00 


Silicon 


Selected from 2N3055 



'Fumithtd a* a unit with fewer Supply lubeiMeibly 1*1 19-0239>00I. 




Electrical Part* List — 7704 



CHASSIS (cont) 



Tektronix 

Ckt. No. Port No. 



Serial/Model No. 

Eff Disc Description 



ilesistors 

Resistors ore fixed, composition, ^10% unless otherwise indicoted. 



R231 


311-0091.00 


1 kn, Vor 








R483 


315-012200 


1.2 kn 


y.w 




5% 


R484 


315-012200 


1,2 kn 


V 4 W 




5% 


R485 


308-04254X) 


350 n 


5W 


ww 


1 % 


R487 


308-0425-00 


350 n 


5W 


ww 


1 % 



R489 305-0510-00 


51 n 


2W 


5% 


R740 \ 


180 kn 






R741 


470 kn 






R742 *307-0205-00 


29.45 Mn 






R743 \ 


80 Mn 






R744 / 


19 Mn 







R779 


315-0205-00 


2Mn 


% w 


5% 


R780 


315-0273-00 


27 kn 


% w 


5% 


R782 


301-0205-00 


2Mn 


y,w 


5% 


R783 

R785-' 

R786A-’ 

R786B" 

R786C^ 

R786D'’ 

R786E'' 


301-0225-00 

311-0945-00 


2.2 Mn 
5Mn, Vor 




5 % 



8787" 

R788 


316-0470-00 


47 n 


'AW 




R789 


301-0471-00 


470 n 


'/iW 


5% 


R790 


311-0964-00 


2.5 kn, Vor 






R793 


311-0467-00 


lOOkn, Vor 







R601 


303-0102-00 


1 kn 


1 W 


5% 


R957 


311-0939-00 


25 n, Vor 




R1035' 


311-0973-00 


5kn, Vor 






R1037* 


311-0945-00 


5 kn, Vor 






R1040* 




5kn, Vor 







R1056 


315-0562-00 


5.6 kn 


y.w 


5% 


R1058 


315-0133-00 


13 kn 


'AW 


5% 


R1060 


315-0241-00 


240 n 


•AW 


5% 



furnhhvd 


e« 


a 


unit 


with 


11037. 




at 


a 


unit 


with 


P«w«r Supply lubsitumbly < *S 1 e-0227-Oei 


FvmbKtd 


at 


a 


unit 


with 


S4SSA.B. 


'furnithid 


at 


0 


unit 


with 


R7IS. 


"furiiJihtd 


at 


a 


unit 


with 


S1040A.B. 
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Electricgl Pgrts List — 7704 



CHASSIS (cent) 



Tektronix Serial/Model No. 
Ckt. No. Port No. EH Disc 



Description 



Switches 



Wired or Unwired 



S455A, B’" 

S800 260-1 102-00 

SBOl 260-0879-00 

S810” 

S1040A, 



Toggle POWER 

Thermostotic Open 191“F, Close 161®F 



Rotory 



READOUT 



Tronsformers 



T762 


276-0591 -00 


Core, toroid ferrite 


T764 


•120-0634-00 


H. V. Power 


T800 


•120-0635-00 


Line filter 


T870 


•120-0633-00 


L V. Power 



V799 



•154-0609-00 



Electron Tube 

T7700-31-1 CRT Standard Phosphor 



MAIN INTERFACE Circuit Board Assembly 



• 670 - 0817-00 



Complete Board 



Capacitors 



Toleronce ^20% unless otherwise indicated. 



Cl 


283-0177-00 


ImF 


Cer 


25 V 


+80% - 


-20% 


C2 


283 0177-00 




Cer 


25 V 


+ 80%- 


-20% 


C3 


283-0178-00 


0.1 ,.F 


Cer 


lOOV 


+ 80%- 


-20% 


C4 


283-0178-00 


0.1 ,tF 


Cer 


100V 


+ 80%. 


-20% 


C5 


283-0177-00 


1,.F 


Cer 


25 V 


+ 80%- 


-20% 


C6 


283-0177-00 


1,.F 


Cer 


25 V 


+80%- 


-20% 


C8 


283-0177-00 


1/‘F 


Cer 


25 V 


+ 80%- 


-20% 


C9 


283-0177-00 


1,.F 


Cer 


25 V 


+ 80% - 


-20% 


CIO 


283-0178-00 


0.1 /.F 


Cer 


100 V 


+80%- 


-20% 


C11 


283-0178-00 


0.1 ^F 


Cer 


100V 


+ 80%- 


-20% 



'°Fvmlsh*d o« a unit with 111035. 

"Sat M«<hanl<al Parti Uit. Lln« Vellee* Sslactat Body. 



’’pumiihad of a unit with R1040. 
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Electrical Parts list — 7704 



MAIN INTERFACE Circuit Beard Assembly (cent) 



Tektronix Serial/Model No. 
Ckt. No. Part No. EH Disc 



Deicriptiort 



Capacitors (cent) 



C12 


283-0177-00 


1 f.f 


Cer 


25 V 


+ 80% -207. 


C?3 


283-01 774D0 


1,.F 


Cer 


25 V 


+807.-20% 


CIS 


283 0192-00 


0.47 


Cer 


3V 


+ 807.— 207, 


C26 


283-017800 


0.1 ,iF 


Cer 


100V 


+807.-20% 


C38 


283-0178-00 


0.1 mP 


Cer 


100V 


+ 807.-20% 


C42 


281-0529-00 


1.5 pF 


Cer 


SOOV 


±0.25 pF 



CR35 


•152-0185-00 


Sefflicenductor Device, Diodes 
Silicon 


Replaceable by 1N41S2 


CR37 


■152-0185-00 


Silicon 


Reploceoble by 1N4152 


CR39 


•152-0185-00 


Silicon 


Reploceoble by 1N4152 


CR40 


•152-0185-00 


Silicon 


Replaceable by 1N4152 


CR41 


•152-0185-00 


Silicon 


Reploceoble by 1N4152 


CR44 


•152-0185-00 


Silicon 


Reploceoble by 1N4152 


CR4S 


■152-0185-00 


Silicon 


Replaceable by 1N4I52 



Connectors 



J1 


131-0767-02 


Receptacle, electrical, 76 contoct 


J2 


151-0767-02 


Receptacle, electrical, 76 contoct 


J3 


131-0767-00 


Receptacle, electrical, 76 contoct 


J4 


131-0767-00 


Receptocle, electrical, 76 contact 







Transistors 




024 


151-0190-00 


Silicon 


2N3906 


028 


151-0190-00 


Silicon 


2N3906 







Resistors 








Resistors 


are fixed, composition, ±10% 


unless otherwise indicated. 








R1 


321-0260-00 


4,99 kn 


VsW 


Free 


17. 


R3 


321-0260-00 


4.99 kn 


y,w 


Prec 


17. 


R4 


321-0231-00 


2.49 kn 


VsW 


Free 


1% 


R5 


321-0231-00 


2.49 kn 


VsW 


Prec 


1% 


R8 


321-0260-00 


4.99 kn 


%w 


Prec 


1% 


R9 


321-0260-00 


4.99 kn 


ViW 


Prec 


1% 


R19 


315-0202-00 


2 kn 


V.w 




5% 


R20 


315-0202-00 


2 kn 


7.VV 




5% 


R21 


315-0302-00 


3kn 


%w 




5% 


R22 


315-0103-00 


lOkn 


’/.w 




5% 
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Electrical Ports List — 7704 



MAIN INTERFACE Circuit Board Assembly (cont) 



Ckl. No. 


Tektronix 
Part No. 


Serial/Model No. 
Eft Disc 


Description 








Resistors (cont) 






R73 


3I5-0562-00 


5.6 ka 


‘/.w 


5% 


R74 


315-0302-00 


3kR 


‘/.W 


5% 


R75 


315 0513-00 


51 kfl 


%w 


5% 


R76 


315-0103-00 


10 kn 


y.w 


5% 


R77 


315-0562-00 


5.6 kO 


%w 


5% 


R78 


315-0302-00 


3kn 


’/4W 


5% 


R79 


315-0513-00 


51 n 


%w 


5% 


R31 


315-0132-00 


1.3 kCt 


v.w 


5% 


R32 


321 -0204-00 


1,3 kn 


'/, W Prec 


1% 


R33 


315-0510-00 


51 n 


%w 


5% 


R34 


315-0510-00 


51 n 


’/4W 


5“A 


R3S 


3154)132-00 


1.3 kn 


VsW 


5% 


R36 


315-0104-00 


100 kn 


y,w 


5% 


R37 


315-0152-00 


1.5 kn 


’AW 


5% 


R3S 


315-0104-00 


100 kn 


’AW 


5% 


R39 


315-0152-00 


1.5 kn 


’AW 


5% 


R40 


315-0243-00 


24 kn 


’AW 


5% 


R42 


315-0511-00 


510 n 


’AW 


5% 


R43 


3154)511-00 


5ion 


‘AW 


5% 


R44 


315-0472-00 


4.7 kn 


'AW 


57. 


R45 


321-0222-00 


2kn 


y, W Prec 


1% 


R46 


315-05104)0 


51 n 


’AW 


5% 


R47 


315-05104)0 


51 n 


’AW 


57o 


R48 


315-0511410 


5ion 


’AW 


57. 


R49 


315-05114)0 


5ion 


'AW 


57. 



INSTRUMBNT OPTIONS 

Option 1 w ithout READOUT Circuit Board Assembly (*670-0635-00) 
Option 2— with X-Y DELAY COMP Circuit Etoard Assembly (*670-0839-00) 



X-Y DELAY COMP. Circuit Board Assembly 
■670-0839-00 Complete Board 



Capacitors 

Toteronce ±;20% unless otherwise indicoled. 



C53 


283-0633-00 


77 pF 


Mica 


lOOV 


1% 


C55 


281-0125-00 


90-400 pF, Vor 


Mica 






C56 


283-0671-00 


164 pF 


Mico 


500V 


17 . 


CSS 


283-0670-00 


375 pF 


Cer 


500V 


1% 


C66 


283-0671-00 


164 pF 


Mico 


500V 


17 . 
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Electrical Parti List — 7704 



X-Y DELAY COMP. Circuit Board Assembly (cont) 



Ckt, No, 



Tektronix Serial/Model No. 

Port No. Eff Diic Description 



Capacitors (cont) 



C68 


283-0670-00 


375 pF 


Cer 


500V 


1% 


C73 


283-0633-00 


77 pF 


Mice 


lOOV 


1% 


as 


281-0125-00 


90-400 pF, Var 


Mica 






C76 


283-0671-00 


164 pF 


Mico 


500V 


1% 


C78 


283-0670-00 


375 pF 


Cer 


500V 


1% 


C86 


283-0671-00 


164 pF 


Mica 


500V 


1% 


C8B 


283-0670-00 


375 pF 


Cer 


500V 


1% 



Semiconductor Device, Diodes 

CR50 *152-0185-00 Silicon Replaceable by 1N4152 

CR70 *152-0185-00 Silicon Reploceable by 1N4152 



Reloys 



K50 


*148-0034-00 


Armature, dpdf, 15 V DC 


K60 


*148-0034-00 


Armoture, dpdt, 15 V DC 


K70 


*148-0034-00 


Armature, dpdt, 15 V DC 


K80 


•148-0034-00 


Armature, dpdt, 15 V DC 







Inductors 


L51 


■108-0559-00 


1.605 


L55 


*100-0560-00 


1.64 


L56 


*108-0561-00 


3.75 ;iH 


L61 


*108-0559-00 


1.605 


L65 


*108-0560-00 


1.64 


L66 


*109-0561-00 


3.75 


L71 


•108-0559-00 


1.605 /iH 


L75 


•108-0560-00 


1 .64 


176 


•108-0561-00 


3.75 mH 


LSI 


•108-0559-00 


1.605 hH 


L8S 


*100-0560-00 


1.64 fiH 


L86 


•108-0561-00 


3.75 pH 



Resistors 



Resistors are fixed, composition, ^10®/» unless ofhervi'ise indicated. 



R51 


321-0068-00 


49.9 n 


V.w 


Free 


1% 


R61 


321-0068-00 


49.9 n 




Free 


1% 


R71 


321-0068-00 


49.9 0 


Vi w 


Free 


1*/. 


R81 


321-0068-00 


49.9 n 


y,w 


Free 


f% 
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Electrical Parts list — 7704 



Ckt. No. 



X-Y DELAY COMP Circuit Beard Assembly (cent] 
Tektronix Serial/Model No. 

Port No. Eff Disc Description 



Switches 



S50 

S70 



Wired or Unwired 

260-0723-00 

260-0723-00 



Slide DELAY DISABLE B 

Slide DELAY DISABLE A 



LOGIC Circuit Boord Assembly 



• 670 - 0848-00 



Complete Board 



Copacitors 



Toleronce ±20% urjiess otherwise indicated. 



Cl 01 


283-0177-00 


1,.F 


Cer 


25 V 


+ 80%-20% 


Cl 02 


290-0134-00 


22 /iF 


Elect. 


15V 




C103 


283-0177-00 


1,.F 


Cer 


25 V 


+ 80% -20% 


Cl 04 


283-0177-00 


1/.F 


Cer 


25 V 


+80%-20% 


C115 


283-0003-00 


0.01 fiF 


Cer 


150V 




C117 


283-0668-00 


184 pF 


Mico 


500 V 


1% 


C119 


281-0564-00 


24 pF 


Cer 


500V 


5% 


C131 


281 -0525-00 


470 pF 


Cer 


500V 




Cl 32 


281-054300 


270 pF 


Cer 


500V 


10% 


Cl 33 


281-0525-00 


470 pF 


Cer 


500V 




Cl 37 


281-0629-00 


33 pF 


Cer 


600V 


5% 


C139 


281-0629-00 


33 pF 


Cer 


600V 


5% 


CUl 


283-0177-00 


1,.F 


Cer 


25 V 


+ 80%-20% 


G44 


283-0000-00 


0.001 


Cer 


500V 




Cl 63 


283-0116-00 


820 pF 


Cer 


500 V 


5% 


Cl 65 


281-0603-00 


39 pF 


Cer 


500V 


5% 


Cl 66 


281-0603-00 


39 pF 


Cer 


500V 


5% 


Cl 67 


283-0084-00 


270 pF 


Cer 


lOOOV 


5% 


C172 


281-0523-00 


100 pF 


Cer 


350 V 




Cl 76 


283-0000-00 


0.001 ,if 


Cer 


SOOV 









Semiconductor Device, Diodes 




CR128 


•152-0185-00 


Silicon 


Reploceoble by 1N4152 


CR139 


•152-0185-00 


Silicon 


Replaceoble by 1N4152 


CR145 


•152-0153-00 


Silicon 


Tek Spec 


CR146 


•152-0153-00 


Silicon 


Tek Spec 


CR147 


*152-0185-00 


Silicon 


Reploceoble by 1N4152 
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ElMtricdl Ports List — 7704 



LOGIC Circuit Board Assembly (cont) 

Tektronix Seriol/Model No. 

Ckt. No. Port No. Eff Disc Description 

Semiconductor Device. Diodes I cont) 



VRI48 


152-01 66-00 


Zener 


1N753A 400 mW, 6.2 V, 5% 


CRIS6 


•152-0185-00 


Silicon 


Replaceable by 1N4152 


CR157 


•152-0185-00 


Silicon 


Reploceoble by 1N4152 


CR175 


•152-0185-00 


Silicon 


Replaceable by )N4)52 


CR183 


•152-0185-00 


Silicon 


Reploceoble by 1N4152 


CR184 


•152-0185-00 


Silicon 


Replaceable by 1N41S2 



Inductors 



LI 01 


•108-0245-00 


3.9 ,.H 












L102 


•108-0245-00 


3.9 ,.H 












LI 03 


•108-0245-00 


3.9 ,,H 












LI04 


•108-0245-00 


3.9 ,.H 












L115 


*108-0245-00 


3.9 












LI 36 


•108-0245-00 


3.9 ,.H 












LI 38 


•108-0245-00 


3.9 ,.H 












LR134 


•108-0543-00 


1.1 ,tiH (wound 


on 


0 


47 0, 


% W, 


5*4 resistor) 


LRI51 


•108-0543-00 


1.1 /iH (wound 


on 


Q 


47 n. 


V. w. 


5% resistor) 


LR180 


•108-0543-00 


1.1 I'H (wound 


on 


0 


47 D, 


y« w. 


5% resistor) 


LR190 


•108-0543-00 


1.1 /iH (wound 


on 


o 


47 n, 


v* w. 


5*4 resistor) 



Transistors 



0146 


•151-0198-00 


Silicon 


Reploceoble by MPS 918 


0162 


•151-0198-00 


Silicon 


Reploceoble by MPS 918 


0168 


151-0223-00 


Silicon 


2N4275 


0182 


•151-0198-00 


Silicon 


Replaceable by MPS 918 


0192 


151 -0188-00 


Silicon 


2N3906 


0194 


•151-0192-00 


Silicon 


Reploceoble by MPS 6521 


0196 


•15143192-00 


Silicon 


Replaceable by MPS 6521 



Resistors 



Resistors ore Fixed, composition, ±10% unless otherwise indicated. 



R104 


315-0100-00 


ion 


’A w 


5% 


R1I0 


315-0510-00 


51 n 


y«w 


5% 


Rill 


315-0510-00 


51 n 


•AW 


5% 


R112 


301-0241-00 


240 n 


y,w 


5% 


R113 


315-0510-00 


51 n 


•AW 


5% 




Electrical Ports Ust — 7704 



LOGIC Circuit Board Assembly (cont) 
Tektronix Serial/Model No. 



Ckt. No. 


Port No. 


Etf 


Disc 


Description 










Resistors (cont) 






R114 


3150510-00 




51 n 


V.w 


5% 


R1I5 


315-0101-00 




lOOn 




5% 


R1I6 


31 5-051 2-00 




5.1 kn 


’/«w 


5% 


R117 


315-0471-00 




470 n 


«/. w 


5% 


R118 


315-0822-00 




8.2 kn 


’/.W 


5% 



R119 


315-0512-00 


5.1 kn 


y,w 




5% 


R120 


315-05)2-00 


5.1 kn 


w 




5% 


R121 


315-0101-00 


lOOn 


V. w 




5% 


R122 


321-0289-00 


lOkn 


y.w 


Prec 


1% 


R123 


321-0193-00 


1 kn 


V,w 


Prec 


1% 



R124 


315-0223-00 


22 kn 


y,w 


5% 


R125 


321-0193-00 


1 kn 


V, W Prec 


1% 


R126 


31 5-0223-00 


22 kn 


% W 


5% 


R127 


315-0332-00 


3.3 kn 


y.w 


5% 


R128 


315-0202-00 


2kn 


y.w 


5% 


R135 


315-0752-00 


7.5 kn 


y.w 


5% 


R136 


315-0271-00 


270 0 


y.w 


5% 


R137 


315-0332-00 


3.3 kn 


y.w 


5% 


R138 


315-0271-00 


270 n 


y.w 


5% 


R139 


315-0332-00 


3.3 kn 


y.w 


5% 



R140 


3)1-0807-00 


1 kn, Vor 








R141 


315-0151-00 


1500 


y.w 




5% 


R142 


321-0225-00 


2.1 5 kO 


’/sW 


Prec 


1% 


R143 


321-0226-00 


2.21 kO 


V,w 


Prec 


1% 


R144 


321-0210-00 


1.5 kn 


y.w 


Prec 


1% 



R14S 


321-022400 


2.1 kn 


y. w 


Prec 


1% 


R146 


315-0242-00 


2.4 kn 


y.w 




5% 


R147 


315-0512-00 


5.1 kn 


y.w 




5% 


R148 


315-0303-00 


30 kn 


y.w 




5% 


RI49 


315-0682-00 


6.8 kO 


y.w 




5% 



R152 


315-0332-00 


3.3 kn 


y.w 


5% 


R153 


315-0512-00 


5.1 kn 


y.w 


57. 


R154 


315-0512-00 


5.1 kn 


y. w 


5% 


R156 


315-0332-00 


3.3 kn 


y.w 


5*/. 


R160 


315-0201-00 


20on 


y.w 


5% 



R161 


315-0103-00 


10 kn 


y.w 


5% 


R162 


315-0512-00 


5.1 kn 


y.w 


5% 


R163 


315-0183-00 


18 kn 


y.w 


5% 


R164 


315-0102-00 


1 kn 


y.w 


5% 


R165 


315-0201-00 


200 n 


y.w 


5% 
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LOGIC Circuit Board Assembly (cont) 



Tektronix Serial/Model No. 



Ckt. No, 


Port No. 


Eff 


Disc 


Description 










Resistors (cont) 






R166 


315-0153-00 




ISkn 


’/.w 


5% 


R167 


315-0222-00 




2.2 ktl 


y*w 


5% 


R16S 


315-0332-00 




3.3 kCl 


% W 


5% 


R169 


315-0472-00 




4.7 kfl 


V,w 


5% 


R171 


321-0205-00 




1.33 kn 


V, w Prec 


1 % 



R172 


315-0201-00 


200n 


V 4 W 




5% 


R173 


315-0622-00 


6.2 kn 


’/* W 




5% 


R174 


315-0622-00 


6.2 kn 


y,w 




5% 


R17S 


321-0328-00 


25.5 kn 


y.w 


Prec 


1% 


R176 


315-0302-00 


3kn 


'AW 




5% 



R177 


315-0363-00 


36 kn 


% 


w 


5% 


R178 


315-0392-00 


3.9 kn 


'A 


w 


5% 


R179 


315-0302-00 


3kn 


’A 


w 


5% 


R180 


315-0222-00 


2.2 kn 


’A 


w 


5% 


R181 


315-0332-00 


3.3 kn 


’A 


w 


5% 



R182 


315-0102-00 


1 kn 


'A 


w 


5% 


R183 


315-0202-00 


2kn 


’A 


w 


5% 


R191 


315-0332-00 


3.3 kn 


’A 


w 


5% 


R192 


315-0103-00 


10 kn 


■A 


w 


5% 


R193 


315-0302-00 


3kn 


’A 


w 


5% 



R194 


315-0303-00 


30 kn 


’A 


w 


5% 


R195 


315-0222-00 


2.2 kn 


'A 


w 


5% 


R196 


31 5-01 02-00 


1 kn 


’A 


w 


5% 


R197 


315-0301-00 


300n 


’A 


w 


5% 


R19B 


315-0332-00 


3.3 kn 


’A 


w 


5% 



Integrated Circuits 



U120 


•155-0011-00 


U130 


•155-001000 


U150 


•155-0013-00 


U160 


•155-0009-00 


U170 


•155-0012-00 



MonoliKiic 

Monolithic 

Monolithic 

Monolithic 

Monolithic 



U180 •155-0013-00 

U190 *155.0013-00 



Monolithic 

Monolithic 
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VERT. SW. AND POWER INTERFACE Circuit Board Assembly 



Tektronix Serial/Model No. 
Ckt. No. Part No. Eff Disc 



Description 



• 670 - 0812-00 



Complete Board 



Capacitors 



Tolerance ±20% unless otherwise indicated. 



C919 


290-0271 -00 


C939 


290 0162-00 


C959 


290-0162-00 


C979 


290-0162-00 


C999 


290-0271-00 



CR200 


152-0141-02 


CR209 


152-0141-02 


CR210 


152-0141-02 


CR224 


152-0141-02 


CR230 


152-0141-02 


CR232 


152-0141 -02 


CR233 


152-0141-02 


CR234 


152-0141-02 



Q202 


151 -0188-00 


0206 


151-0168-00 


0212 


151-0188-00 


0216 


151-0188-00 


0218 


151-0188-00 


Q222 


151-0108-00 


0224 


151-0190-00 


Q234 


151-0190-00 


0236 


151-0180-00 


0238 


151-0188-00 



9mF 
22 mF 
22,uF 
77 Ilf 
9 Ilf 



Semiconductor Device, Diodes 

Silicon 

Silicon 

Silicon 

Silicon 

Silicon 

Silicon 

Silicon 

Silicon 



Transistors 

Silicon 

Silicon 

Silicon 

Silicon 

Silicon 



Silicon 

Silicon 

Silicon 

Silicon 

Silicon 



Elect. 


125V 


+ 20% -15% 


Elect. 


35 V 




Elect. 


35 V 




Elect. 


35 V 




Elect. 


125V 


+20%-15% 



1N4152 

1N4152 

1N41S2 

1N4152 

1N4152 



1N4152 

1N4152 

1N4152 



2N3906 

2N3906 

2N3906 

2N3906 

2N3906 



2N3906 

2N3904 

2N3904 

2N3906 

2N3904 



Resistors 



Resistors ore fixed, composition, ±10% unless otherwise indicated. 



R200 


315-0392-00 


3.9 kn 


%V/ 


5% 


R201 


315-0242-00 


2.4 kn 


%W 


5% 


R202 


315-0153-00 


15kn 


V«w 


5% 


R203 


315-0122-00 


1.2 kn 


% W 


5% 


R204 


315-0111-00 


non 


VrW 


5% 
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VERT. SW. AND POWER INTERFACE Circuit Board Assembly (cont) 



Tektronix Serial/Model No. 
Ckt. No. Port No. Eff Disc 



Description 



Resistors (cont) 



R205 


323-0226-00 


2.21 kn 


’/,W 


Prec 


1% 


R206 


315-010100 


lOOn 


V. w 




5% 


R207 


315-0101-00 


icon 


y.w 




5% 


R208 


315-0471-00 


4700 


V.w 




5% 


R209 


315-0183-00 


18kO 


V.w 




5% 



R210 


323-0228-00 


2.32 kn 


y, w 


Prec 


1% 


R211 


315-0101-00 


1000 


y,w 




5% 


R212 


315-0101-00 


100O 


y.w 




5% 


R2I3 


315-0111-00 


110O 


% w 




5% 


R214 


315-0122-00 


1.2 kO 


y.w 




5% 



R2I5 


315-0301-00 


300 0 


y.w 




5% 


R216 


315-0153-00 


15kO 


y.w 




5% 


R217 


321-0190-00 


931 0 


y,w 


Prec 


1% 


R218 


321-0168-00 


549 0 


y.w 


Prec 


1% 


R219 


315-0102-00 


1 kO 


y.w 




5% 



R220 


315-0303-00 


30 kn 


y.w 


5% 


R221 


315-0471-00 


470 n 


y.w 


5% 


R222 


315-0103-00 


10 kn 


y.w 


5% 


R223 


315-0911-00 


9ion 


y.w 


5% 


R224 


315-0132-00 


1.3 kn 


y.w 


5% 



R225 


321-0251-00 


4.02 kO 


y.w 


Prec 


1% 


R226 


315-0321-00 


820 n 


y.w 




5% 


R227 


315-0682-00 


6.8 kn 


y.w 




5% 


R228 


315-0821-00 


8200 


y.w 




5% 


R229 


321-0251-00 


4.02 kn 


y.w 


Prec 


1% 



R230 


321-0221-00 


1.96 kn 


y.w 


Prec 


1% 


R232 


321-0221-00 


1.96 kn 


y.w 


Prec 


1% 


R233 


321-0222-00 


2 kn 


y.w 


Prec 


1% 


R234 


321-0202-00 


1.24 kn 


y.w 


Prec 


1% 


R235 


321-0260-00 


4.99 kn 


y.w 


Prec 


1% 



R236 


321-0260-00 


4.99 kn 


y.w 


Prec 


1% 


R237 


322-0187-00 


866n 


y.w 


Prec 


1% 


R238 


321-0129-00 


215n 


y.w 


Prec 


1% 


R239 


322-01 87-00 


866n 


y.w 


Prec 


1% 
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VERTICAL INTERFACE Circuit Board Assembly 



Tektronix Serial/Model No. 
Ckl. No. Port No. Eff Disc 



Description 



* 670 - 0811.00 



Complete Board 



Capacitors 



Tolerance unless otherwise indicated. 



C244 


281-0122-00 


2.5-9 pF, Vor 


Cer 






C246 


283-0114-00 


0.001 5, .F 


Cer 


200V 


5% 


C247 


281-0557.00 


1.8 pF 


Cer 


SOOV 


10% 


C249 


283-0114-00 


0.0015..F 


Cer 


200 V 


5% 


C2S6 


283-0114-00 


0.001 5, iF 


Cer 


200 V 


5% 


C259 


283-0114-00 


0.0015, .F 


Cer 


200 V 


5% 


C266 


281-0504-00 


10 pF 


Cer 


SOOV 


10% 


C268 


281-0504-00 


lOpF 


Cer 


500V 


10% 


C274 


281-0122-00 


2.5-9 pF, Vor 


Cer 






C276 


283-0114-00 


0.0015..F 


Cer 


200 V 


5% 


C286 


283-0114-00 


0.001 5. -F 


Cer 


200 V 


5% 


C287 


281-0557-00 


1.8 pF 


Cer 


500 V 


10% 


C296 


281 -0504-00 


lOpF 


Cer 


500V 


10% 







Semiconductor Device, Diodes 




CR249 


152-0141-02 


Silicon 


1N4152 


CR259 


152-0141-02 


Silicon 


1N4152 


CR264 


*152-01 53-00 


Silicon 


Tek Spec 


CR279 


152-0141-02 


Silicon 


1N4152 


CR289 


152-0141-02 


Silicon 


1N4152 


CR295 


•152-0153-00 


Silicon 


Tek Spec 







Inductors 


L240 


•108-0557-00 


35 nH 


L250 


*108-0557-00 


35 nH 


1270 


•108-0557-00 


35 nH 


L280 


•108-0557-00 


35 nH 







Transistors 




0244 


151-0202-00 


Silicon 


2N4261 


Q248 


•151-0259-00 


Silicon 


Selected from 2N3563 


0249 


151-0190-00 


Silicon 


2N3904 


0254 


151-0202-00 


Silicon 


2N4261 


Q258 


•151 -0259-00 


Silicon 


Selected from 2N3563 
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VERTICAL 


INTERFACE Circuit Beard Assembly (cent) 




Tektronix 


Serial/Model No. 




Ckt. No. 


Port No. 


Eff 


Disc 


Description 








Transistors (cont) 




0264 


151-0222-00 




Silicon 


2N4251 


0274 


151-0202-00 




Silicon 


2N4261 


0278 


•151-0259-00 




Silicon 


Selected from 2N3563 


0279 


151-0190-00 




Silicon 


2N3904 


0284 


151-0202-00 




Silicon 


2N4261 


0288 


•151-0259-00 




Silicon 


Selected from 2N3563 


0294 


151-0222-00 




Silicon 


2N4251 



Resistors 



Resistors ore fixed, composiliorf, ±;]0% unless otherwise indicated. 



R240 


321-0825-03 


50.8 n 


V,w 


Prec 


y.% 


R241 


322-0206-00 


1.37 kn 


'4W 


Prec 


1% 


R242 


311-0643-00 


son, Vor 








R243 


321-0068-00 


49.9 0 


y.w 


Prec 


1% 


R244 


317-0270-00 


27 n 


V,W 




5% 


R245 


321-0160-00 


453 n 


'/• w 


Prec 


1% 


R246 


317-0560-00 


56Q 


V.W 




5% 


R247 


317-0181-00 


180 n 


y.w 




5% 


R248 


321-0166-00 


523 0 


y.w 


Prec 


1% 


R249 


321-0191-00 


953 0 


y. w 


Prec 


1% 


R250 


321-0325-03 


50.80 


y.w 


Prec 


y.% 


R251 


322-0206-00 


1.37 kO 


'/. w 


Prec 


1% 


R252 


317-0560-00 


560 


y.w 




5% 


R253 


321-0068-00 


49.9 0 


V.W 


Prec 


1% 


R254 


311-0605-00 


200 0, Vor 






R255 


321-0160-00 


4530 


y.w 


Prec 


1% 


R256 


317-0560-00 


56 0 


y.w 




5% 


R257 


311-0643-00 


50 0, Vor 






R258 


321-0166-00 


5230 


y.w 


Prec 


1% 


R259 


321-0191-00 


953 0 


y.w 


Prec 


1% 


R260 


315-0103-00 


10 kO 


y.w 




5% 


R261 


321-0143-00 


301 0 


y.w 


Prec 


1% 


R262 


321-0123-00 


1870 


y.w 


Prec 


1% 


R263 


321 0083 00 


71.5 0 


y. w 


Prec 


1% 


R264 


321-0091 00 


86.6 0 


y.w 


Prec 


1% 


R265 


315-0513-00 


51 kO 


y.w 




5% 


R266 


321-0062-00 


43.20 


y. w 


Prec 


1% 


R268 


317-0181-00 


1800 


y.w 




5% 


R270 


321-0825-03 


50.80 


y.w 


Prec 


y.% 


R271 


322-0206-00 


1.37 kO 


y.w 


Prec 


1% 
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Ckf. No. 



VERTICAL INTERFACE Circuit Board Assembly (cont) 
Tektronix Serial/Model No. 

Port No. Eff Disc Description 



Resistors (cent) 



R273 


321-0068-00 


49.9 n 


%W 


Prec 


1% 


R274 


311-0605 00 


200 n, Vor 








R275 


321-0160-00 


453 n 


y,w 


Free 




R276 


317-0560-00 


560 


y.w 




5% 


R277 


31 1 -0643-00 


50 0, Vor 








R278 


321-0166-00 


523 0 




Prec 


1% 


R279 


321-0191-00 


8530 


y,w 


Prec 


1% 


R260 


321-0825-03 


50.8 0 


y.w 


Prec 


y.% 


R28I 


322-0206-00 


1.37 kO 




Prec 


1% 


R282 


317-0130-00 


130 


% W 




5% 


R283 


321-0068-00 


49.9 0 


y,w 


Prec 


1% 


R284 


317-0270-00 


27 0 


’/sW 




5% 


R285 


321-0160-00 


4530 


%W 


Prec 


1% 


R286 


317-0560-00 


560 


y.w 




5% 


R2B7 


317-0181-00 


1800 


y,w 




5% 


R288 


321-0166-00 


523 0 


y,w 


Prec 


1% 


R289 


321-0191-00 


953 0 


y.'w 


Prec 


1% 


R290 


315-0103-00 


10 kO 


%w 




5% 


R291 


321-0143-00 


301 0 


y.w 


Prec 


1% 


R292 


321-0123-00 


187 0 


y.w 


Prec 


1% 


R293 


321-0083-00 


71.5 0 


y.w 


Prec 


1% 


R294 


321-0091-00 


86.6 0 


y. w 


Prec 


1% 


R295 


323-0128-00 


2100 


y,w 


Prec 


1% 


R296 


321-0062-00 


43.2 0 


y.w 


Prec 


1% 



TRIG. $EL. Circuit Board Assembly 
•670-0625-00 Complete Board 



Capacitors 

Tolerance ±20% unless otherwise indicoted. 



C309 


281-0541-00 


6.8 pF 


Cer 


500V 


10% 


C319 


281-0626-00 


3.3 pF 


Cer 


500V 


5% 


C325 


281-0541-00 


6.8 pF 


Cer 


500V 


10% 


C329 


281-0541-00 


6.8 pF 


Cer 


500V 


10% 


C342 


283-0000-00 


0.001 


Cer 


500V 




C346 


283-0000-00 


0.001 mF 


Cer 


500V 
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Ckt. No. 



TRIG. SEL. Circuit Board Assembly (cont) 

Tektronix Seriot/Model No. 

Port No. Eff Disc Description 



Semiconductor Device, Diodes 



CR342 1 52-0U1-02 

CR346 152-0141.02 



Silicort IN4152 

Silicon 1N4152 



Transistors 



0314 


151 0221-00 


0316 


151-0221-00 


0334 


■151-0259-00 


0336 


■151 0259-00 


0344 


151-0221-00 



Silicon 


2N4258 


Silicon 


2N4258 


Silicon 


Selected from 2N3563 


Silicon 


Selected from 2N 3563 


Silicon 


2N4258 



Q346 151-0221 00 



Silicon 



2N4258 



Resistors 



Resistors are fixed, composition, il0% unless otherwise indicofed. 



R301 


321-1068-02 


50.5 n 


Vs W 


Prec 


’A% 


R302 


321-1068-02 


50,5 n 


Vs W 


Prec 


V:% 


R303 


321-0741-02 


40.9 n 


V.W 


Prec 


’A% 


R304 


322-0184-00 


8060 


’AW 


Prec 


1% 


R305 


321-0741-02 


40.9 0 


Vs w 


Prec 


’A% 


R306 


321-0218-00 


1.82 kO 


V,w 


Prec 


1% 


R307 


321-0741-02 


40.9 0 


V,w 


Prec 


'A% 


R308 


322-0184-00 


806 0 


'AW 


Prec 


1% 


R309 


321-0741-02 


40.9 0 


ViW 


Prec 


’A% 


R3II 


317-0330-00 


33 0 


VsW 




5% 


R312 


317-0330-00 


330 


’/,W 




5% 


R313 


323-0155-00 


402 0 


V,w 


Prec 


1% 


R314 


323-0155-00 


402 0 


'/, w 


Prec 


1% 


R316 


317-0331-00 


330 0 


VsW 




5% 


R318 


321-0214-00 


1.65 kfl 


VsW 


Prec 


1% 


R319 


321-0214-00 


1.65 kO 


VsW 


Prec 


1% 


R321 


321-1068-02 


50.50 


VsW 


Prec 


’A 7. 


R322 


321-1068-02 


50.50 


’/,W 


Prec 


■A% 


R323 


321-0741-02 


40.9 0 


VsW 


Prec 


V,7. 


R324 


322-0184-00 


806 0 


V.W 


Prec 


17, 


R325 


321-0741-02 


40.9 0 


'/s w 


Prec 


’A7o 


R326 


321-0218-00 


1.82 kO 


V,W 


Prec 


17. 


R327 


321-0741-02 


40.90 


V.W 


Prec 


'A 7, 


R328 


322-0184-00 


806 0 


V.W 


Prec 


17, 


R329 


321-0741-02 


40.9 0 


V.W 


Prec 


'A7, 


R331 


321 -0044-00 


28 0 


V.W 


Prec 


17, 
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TRIG. SEL. Circuit Board Assembly (cont) 

Tektronix Serial/Model No. 



Ckt. No. 


Part No. 


Eft 


Disc 


Description 










Resistors (cont I 








R332 


321 0044-00 




280 


y,w 


Prec 


1% 


R335 


321 -0220-00 




1.91 kO 


V.W 


Prec 


1% 


R336 


321-0143-00 




301 0 


V,w 


Prec 


1% 


R337 


321-0129-00 




2150 


V,w 


Prec 


1% 


R336 


321-0129-00 




2150 


Vs w 


Prec 


1% 



R339 


321 -0097-00 


lOOn 


y,w 


Prec 


1% 


R341 


321-0214-00 


1.65 kO 


y,w 


Prec 


1% 


R342 


315-0331-00 


330 0 


y,w 




5% 


R343 


321-0040-00 


25.5 0 


y,w 


Prec 


1% 


R344 


315-0541-00 


560 0 


w 




5% 



R345 


321-0040-00 


25.50 


ViW 


Prec 


1% 


R346 


315-0331-00 


330 0 


'AW 




5% 


R347 


321-0214-00 


1.65 kO 


Vs W 


Prec 


1% 


R349 


301 -0220-00 


220 


V,w 




5% 



Integrated Circuits 

U304 *155-0022-00 Monolithic 

U324 *155-0022-00 Monoli'hic 



HORIZONTAL INTERFACE Circuit Board Assembly 
*670-0808-00 Complete Board 



Capacitors 



Toleronce ±20% unless otherwise indicoted. 



0.001 I'f Cer 

0.001 ,-F Cer 



C361 283-0000-00 

C371 283-0000-00 



500 V 
500 V 



Transistors 

0384 151-0220-00 

Q394 151-0220-00 



Silicon 2N4122 

Silicon 2N4122 
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Ckt. No. 



Resistors ore 



R3S2 

R354 

R356 

R358 

R361 



R363 

R365 

R367 

R369 

R371 



R373 

R375 

R377 

R381 

R3S3 



R365 

R387 

R389 

R39I 

R393 



R395 

R397 

R399 



U364 



Tolerance •*- 



C401 

C408 

C41I 

C417 

C426 



HORIZONTAL INTERFACE Circuit Board Assembly (cont) 

Tektronix Serial/Model No. 



Port No. 


Eft 


Disc 


Description 








Resistors 








fixed, composition, 


"cl0% 


unless otherwise Indicated. 








321-1068-02 




50.5 n 


%W 


Free 


'/,% 


321-1068-02 




50.5 n 


V,w 


Prec 


y,% 


321-1068-02 




50.5 n 


V.w 


Prec 


Vi% 


321-1068-02 




50.5 0 


V.W 


Prec 


y,% 


315-0303-00 




30 kn 


y. w 




5% 


321-0741-02 




40.9 0 


y,w 


Prec 




321-0741-02 




40.9 0 


V.W 


Prec 


'/:% 


323-0187-00 




866 0 


y,w 


Prec 


1% 


321-0218-00 




1.82 kO 


y, w 


Prec 


1% 


315-0303-00 




30 kO 


%w 




5% 


321-0741-02 




40.9 0 


v.w 


Prec 


’A% 


321-0741-02 




40.9 0 


y,w 


Prec 


'A% 


323-0187-00 




866 0 


y,w 


Prec 


1% 


317-0200-00 




200 


y.w 




5% 


323-01 55-00 




402 0 


'/j w 


Prec 


1% 


315-0101-00 




lOOO 


W 




5% 


317-0241-00 




240 0 


y.w 




5% 


322-0219-00 




1.87 kO 


’/iW 


Prec 


1% 


317-0200-00 




20 0 


y.w 




5% 


323-0155-00 




402 0 


y,w 


Prec 


1% 


321-0199-00 




1.15 kO 


y,w 


Prec 


1% 


317-0241-00 




240 0 


y.w 




57. 


322-0219-00 




1.87 kO 


y,w 


Prec 


17. 





Integrated Circuits 


55-0022-00 


Monolithic 





VERTICAL 


OUTPUT Circuit Board Assembly 






•670-0809-00 




Complete Board 












Capacitors 








207. unless otherwise 


indicated. 










281-0572-00 




6.8 pp 


Cer 


500V 


:t0.5 pF 


281-0572-00 




6.8 pF 


Cer 


500V 


:t0.5 pF 


283-0001 -00 




0.005 /.F 


Cer 


500V 




283-0001 -00 




0.005 /.F 


Cer 


500 V 




281-0547-00 




2.7 pF 


Cer 


500V 


107. 












® 
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Electrical Part* List — 7704 



VERTICAL OUTPUT Circuit Board Assembly (cont) 



Tektroriix Seriol/Model No. 
Ckl. No. Part No. Eff Disc 



Description 



Capacitors (cont) 



C430 


2814)122-00 


2.5-9 pF, Vor 


Gloss 




C435 


2830078-00 


0.001 ,iF 


Cer 


500V 


C438 

C447'-' 

C448“ 


283-0078-00 


0.001 ,if 


Cer 


500V 



C451 


283-0003-00 


0.01 


Cer 


150V 


C45B 


281-0123-00 


5-25 pF, Vor 


Cer 




C460 


283-0078-00 


0.001 ,iF 


Cer 


500 V 


C465 

C470’’ 


283-0078-00 


0.001 ^F 


Cer 


500V 



C471 " 
C472 


281 -0645-00 


8.2 pF 


Cer 


500V 


C478 


283-0003-00 


0.01 ,.F 


Cer 


150V 


C479 


283-0003-00 


0.01 f.F 


Cer 


150V 


C495 


283-0003-00 


0.01 mF 


Cer 


150 V 



C497 


283-0003-00 


0.01 ,iF 


Cer 


ISOV 


C499 


283-0003-00 


0.01 /iF 


Cer 


150V 



±0.25 pF 



Semicortductor Device, Diodes 



VR411 


152-0166-00 


Zener 


1 N753A 400 mW, 6.2 V, 5% 


VR417 


152-0166-00 


Zener 


1N753A 400 mW, 6.2 V, 5% 


CR431 


152-0271-00 


Silicon 


Voltage variable capacitance 


CR432 


152-0271-00 


Silicon 


Voltage voriable copocitonce 


CR449 


152-0166-00 


Zener 


1 N753A 400 mW, 6.2 V, 5% 


VR467 


152-0195-00 


Zener 


1N751A 400mW, 5.1 V, 5% 


VR469 


152-0195-00 


Zener 


1N751A 400mW, 5.1 V. 5% 



inductors 



L401 


•108-0260-00 


0.1 /.H 


L408 


•108-0260-00 


0.1 


L421 


•108-0103-00 


7.5 


L422 


•108-0095-01 


1.4 


L423 


•108-0146-00 


5,.H 







0 


unll 


with 


1447. 


"FumUhtd 


o» 


0 


unit 


w»h 


1441. 




Ol 


e 


unll 


with 


L470. 


'‘FumliK«d 


Oft 


o 


unit 


with 


1471. 




EUctrieal Ports Us» — 7704 



Ckt. No. 


VERTICAL OUTPUT Circuit Board Assembly (cont) 
Tektronix Seriol/Model No. 

Part No. Eff Disc Description 






Inductors (cont) 


L447'- 


•388 0867-00 


T coil, 4 turns 


L448'‘ 


•388-0867-00 


T coil, 4 lurns 


L4S2 


•108-0440-00 


8 /.H 


uro'" 


•388-0868-00 


T coil, 3 turns 


L47P" 


•388-0868-00 


T coil, 3 lurns 


L460 


•108-0440-00 


8uH 


L497 


•108-0440-00 


8,.H 


L499 


•108-0440-00 


8 ;tH 



0412 


•151-02)3-00 


Tronsistors 

Silicon 


Selected from 2N4251 


0416 


•151-0213-00 


Silicon 


Selected from 2N4251 


0434 


151-0202-00 


Silicon 


2N4261 


0436 


151-0202-00 


Silicon 


2N4261 


0442 


151-0202-00 


Silicon 


2N4261 


0444 


151-0202-00 


Silicon 


2N4261 


0454 


151-0222-00 


Silicon 


2N4251 


0456 


151-0222-00 


Silicon 


2N4251 


0466 


•151-0259-00 


Silicon 


Selected from 2N3563 


0468 


•151-0259-00 


Silicon 


Selected from 2N3563 


0470 


•151-0213-00 


Silicon 


Selected from 2N4251 


0476 


•151-0213-00 


Silicon 


Selected from 2N4251 



Resistors 



Resistors are fixed, composition, d=l07« unless otherwise indicated. 



R401 


321-0067-00 


48.7 n 


V.W 


Prec 


1% 


R402 


321 -01 84-00 


806 't 


'/| W 


Free 


1% 


R404 


323-0229-00 


2.37 kn 


y,w 


Prec 


17. 


R405 


317-0101-00 


loon 


V,w 




5*4 


R406 


323-0229-00 


2.37 kn 


'/jW 


Prec 


17. 


R408 


321-0067-00 


48.7 n 


V,W 


Prec 


!•/. 


R411 


315-0201-00 


200 n 


VtW 




5*/. 


R4I3 


315-0222-00 


2.2 kn 


V.W 




57. 


R415 


315-0161-00 


i60n 


V.W 




57. 


R417 


315-0201-00 


200 « 


V.W 




5*4 



’ Fum)th*d at o unit with C447. 
''Swrniihud et o unit with C448. 
'*Sumithtd ei a unit with C470. 
^Fumithtd at e unit with C47T. 
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Electrical Ports List — 7704 



VERTICAL OUTPUT Circuit Board Assembly (cont) 

Tektronix Serial/Model No. 



Ckl. No. 


Port No. 


Eff 


Disc 




Description 










Resistors 


(cont) 








R418 


321-0105-00 






121 n 


ViW 


Free 


1% 


R419 


321-0105-00 






121 0 


Vs W 


Free 


1% 


R420 


321-0116-00 






158n 


V,w 


Free 


1% 


R421 


311-0622-00 






100 n, Vof 








R422 


311-0605-00 






200 n. Vor 









R423 


311-0643-00 


son, Vor 








R424 


321-0116-00 


i58n 


y.w 


Free 


1% 


R42S 


317-0101-00 


lOOn 


'/s'W 




5% 


R426 


317-0101-00 


lOOn 


’/• W 




5% 


R427 


321-0130-00 


221 n 


V.w 


Free 


1% 



R428 


321 -0105-00 


121 n 


%v/ 


Free 


1% 


R429 


321-0105-00 


121 n 


V, W 


Free 


1% 


R430 


311-0635-00 


1 kn, Vor 








R43! 


317-0820-00 


82 0 


y,w 




5% 


R432 


317-0320-00 


82 n 


y.w 




5% 



RT433 


307-0181-00 


100 kO 


Thermal 




R434 


315-0512-00 


5.1 kn 


‘AW 


5% 


R435 


317-0390-00 


39 0 


y,w 


57. 


R436 


317-0431-00 


430 0 


y.w 


57, 


R437 


317-0431-00 


430 0 


V* w 


57, 



R438 


317-0390-00 


390 


y,w 


57, 


R441 


317-0512-00 


5.1 k'l 


Vs w 


57, 


R443 


31 1 -0607-00 


10 kO. Vor 






R<|<14 


317-0512-00 


5.1 kO 


y.w 


57, 


R445 


315-0221-00 


220 0 


V.w 


57, 



R447 


321-0094-00 


93.1 0 


V. 


w 


Free 


17. 


R448 


321-0094-00 


93.1 0 


Vs 


w 


Free 


17. 


R449 


301-0331-00 


330 0 


V, 


w 




57, 


R4S1 


315-0112-00 


1.1 kO 


V. 


w 




57. 


R452 


323-0125-00 


I96 0 


Vj 


w 


Free 


17, 



R454 


321 .0055-00 


36.50 


V.W 


Free 


17. 


R455 


321-0055-00 


36.5 0 


V,w 


Free 


17. 


R456 


321-0055-00 


36.5 0 


y, w 


Free 


17, 


R457 


321 -0055-00 


36.50 


V.W 


Free 


17, 


R458 


311-0605-00 


200 0, Vor 









R460 


317-0470-00 


47 0 


V.W 


57. 


R461 


317-0221-00 


220 0 


V.w 


57. 


R462 


317-0221-00 


2200 


V. W 


57. 


R463 


317-0221-00 


220 0 


V.w 


57. 


R464 


317-0221-00 


2200 


V. w 


57, 
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Electrical Parts List— 7704 



VERTICAL OUTPUT Circuit Board Assembly (cont) 

Tektronix Serlal/Model No. 

Ckt. No. Port No. Eff Disc Description 



Resistors (cortt) 



R465 


317-0470-00 


47 n 


'/• w 




5% 


R466 


315-0181-00 


i80n 


V,w 




5 % 


R467 


317-0101-00 


loon 


%W 




5% 


R468 


311-0633-00 


5 kn, Vor 








R469 


317-0181-00 


180 0 


V,w 




5% 


R470 


321-0076-00 


60.4 0 


Vs W 


Prec 


1% 


R471 


321-0076-00 


60.4 0 


Vs W 


Prec 


1% 


RT472 


307-0127-00 


1 kO 


Thermal 






R473 


321-0036-00 


23.2 0 


V,w 


Prec 


1% 


R474 


321-0036-00 


23.2 0 


'/• w 


Prec 


1% 


R475 


321-0036-00 


23.20 


V,w 


Prec 


1 % 


R476 


321-0036-00 


23.2 0 


Vs w 


Prec 


1% 


R477 


303-0450-00 


70 0 


3W 


WW 


1% 


R478 


301-0150-00 


150 


V,W 




5% 


R479 


301 -01 50-00 


15 0 


V, w 




5% 


R480 


315-0201-00 


200 0 


’AW 




5% 


RT480 


307-0124-00 


5kO 


Thermol 






R490 


321-0016-00 


14.3 0 


V, w 


Prec 


1% 


R491 


301-0180-00 


180 


V,w 




5% 


R492 


321-0016-00 


14.30 


Vs w 


Prec 


1% 


R494 


321-0017-00 


14.7 0 


y.w 


Prec 


1% 


R495 


323-0034-00 


22.1 0 


V,w 


Prec 


1% 







Transformer 


T466 


•120-0469-00 


Toroid, 3 turns, bililor 





HORIZONTAL 


OUTPUT Circuit Board 


Assembly 






•670-0807-00 


Complete 


Board 








Capacitors 






Toleronce 


- 207> unless otherwise indicoted. 








C501 


283-0010-00 


0.05 ..F 


Cer 


50V 


C503 


290-0135-00 


15,.F 


Elect. 


20 V 


C505 


290-0135-00 


15, .F 


Elect. 


20 V 


C527 


283-0000-00 


0.001 ,iF 


Cer 


500 V 


C537 


283-0000-00 


0.001 ,.F 


Cer 


500V 
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Eleetricdl Parts List — 7704 



HORIZONTAL OUTPUT Circuit Board Assembly (cont) 



Tektronix Serial/Model No. 
Ckf, No. Port No. Eff Disc 



Description 



Capacitors (cont) 



C544 


283-0033.00 


0.0047 ,.F 


Cer 


500 V 


57. 


C554 


283-0041.00 


0.0033 ,.F 


Cer 


500 V 


5% 


C560 


283-0092 00 


0.03 /.F 


Cer 


200 V 


+807.-20% 


C563 


281-0513 00 


27 pF 


Cer 


500V 




C564 


283 0080 00 


0.022 ,.F 


Cer 


25 V 


+ 807.-207. 


C568 


281-0091-00 


2-8 pF, Var 


Cer 






C569 


281-0064-00 


0.25-1.5 pF, Var 


Tub. 






C573 


281-0513-00 


27 pF 


Cer 


500V 




C579 


281-0064-00 


0.25-1.5 pF, Var 


Tub. 






C580 


283-0057-00 


0.1 ,.F 


Cer 


200V 


+ 807.-20% 


C583 


283-0092-00 


0.03 /<F 


Cer 


200 V 


+807.-20% 


CS86 


283-0031-00 


0.1 /.F 


Cer 


25 V 


+807,-20% 


CS90 


283-0057-00 


0.1 /cF 


Cer 


200 V 


+ 80%— 207. 


C593 


283-0092-00 


0.03 nF 


Cer 


200 V 


+ 807.-20% 


C596 


283-0081-00 


0.1 /.F 


Cer 


25 V 


+807.-20% 







Semiconductor Device, Diodes 




CR528 


•152-0153-00 


Silicon 


Tek Spec 


CR538 


•152-0153-00 


Silicon 


Tek Spec 


CR544 


•152-0153-00 


Silicon 


Tek Spec 


CR554 


*152-0153-00 


Silicon 


Tek Spec 


CR558 


•152-0185-00 


Silicon 


Reploceobie b/ 1N4152 


CR560 


152-0333-00 


Silicon 


High speed and conductance 


CR562 


•152-0185-00 


Silicon 


Replaceable by 1N4152 


CR570 


152-0333-00 


Silicon 


High speed and conductance 







Inductors 


L503 


*108-0245-00 


3.9 pH 


L505 


•108-0245-00 


3.9 /.H 


L589 


276-0543-00 


Core, lerrite 


L599 


276-0543-00 


Core, ferrite 



0514 


151-0190-00 


Transistors 

Silicon 


2N3904 


0526 


•151-0127-00 


Silicon 


Selected from 2N2369 


0536 


•151-0127-00 


Silicon 


Selected from 2N2369 


0544 


•151-0127-00 


Silicon 


Selected from 2N2369 


0548 


151-0220-00 


Silicon 


2N4122 




Elecirkal Parts List — 7704 



HORIZONTAL OUTPUT Circuit Board Assembly (cont) 

Tektronix Serial/Model No. 

Ckt, No. Port No. Eff Disc Description 



Transistors (cont) 



0554 


151-0301-00 


Silicon 


2N2907 


0558 


1 51 -0220-00 


Silicon 


2N4122 


0562 


151-0190-00 


Silicon 


2N3904 


0564 


•151-0127-00 


Silicon 


Selected Irom 2N2369 


0574 


•151 -01 27-00 


Silicon 


Selected from 2N2369 


0592 


•151-0270-00 


Silicon 


High volloge, Tek Spec 


0584 


•151-0274-00 


Silicon 


Selected from 2N3501 


0592 


•151-0270-00 


Silicon 


High volloge, Tek Spec 


0594 


•151-0274-00 


Silicon 


Selected from 2N3S01 







Resistors 








Resistors 


ore fixed, composition. rt:10% 


unless otherwise indicoted. 








R501 


315-0201-00 


200 Q 


V.w 




5% 


R511 


315-0302-00 


3kn 


'AW 




5% 


R513 


315-0102-00 


1 k'} 


V.w 




5% 


R515 


315-0221-00 


2200 


V.w 




5% 


R521 


323-0168-00 


549 0 


V,w 


Prec 


1% 


R522 


311-0622-01 


icon. Var 








R524 


315-0511-00 


510 0 


V.w 




5% 


R525 


321-0184-00 


806 0 


V,w 


Free 


1% 


R526 


321-0073-00 


56.2 0 


V, w 


Prec 


1% 


R527 


321-0096-00 


97.6 0 


V*w 


Prec 


1% 


R528 


321-0178-00 


698 0 


V, w 


Prec 


17. 


R529 


311-0658-00 


500 0. Vor 








R531 


323-0168-00 


549 0 


VjW 


Prec 


1% 


R532 


321-0066-00 


47.50 


Vs W 


Prec 


17. 


R533 


321 -0071 .00 


53.6 0 


’/,W 


Prcc 


17. 


RT534 


307-0127-00 


1 kO 


Thermal 






R536 


321-0070-00 


52.3 0 


’/|W 


Prec 


17. 


R537 


321-0096-00 


97.6 0 


V, w 


Prec 


17. 


RS38 


321-0178-00 


6980 


V, w 


Prec 


17. 


R543 


323-0101-00 


IlOO 


VjW 


Prec 


17. 


R544 


321-0103 00 


1300 


V.W 


Prec 


17. 


RS46 


323-0086-00 


76.8 0 


VjW 


Prec 


17. 


R547 


321-0186-00 


845 0 


’/.w 


Prec 


17. 


RS48 


321-0244-00 


3.4 kO 


V.W 


Prec 


17, 


R549 


315-0152-00 


1.5 kO 


V.w 




5 % 


R5S3 


323-0133-00 


237 0 


VjW 


Prec 


17. 


R554 


321-0120-00 


174 0 


V.W 


Prec 


17. 


R556 


323-0178-00 


698 0 


VjW 


Prec 


17. 


R557 


321-0251-00 


4.02 kO 


V, w 


Prec 


17. 


R558 


321-0193-00 


1 kO 


'/.w 


Prec 


17, 
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Electrical Parts List^7704 



HORIZONTAL OUTPUT Circuit Board Assembly (cont) 

Tektronix Seriol/Model No. 

Ckt. No. Part No. Eft Disc Description 



Resistors (contI 



R559 


31 5-0681 -00 


680n 


y,w 




5% 


R562 


321 -01 9000 


931 n 


V,w 


Free 


1% 


R563 


3220126-00 


200 n 


V 4 w 


Prec 


1% 


RS64 


3150220-00 


22n 


'AW 




5% 


RS6S 


315 0332-00 


3.3 ko 


'AW 




5% 


RS6<S 


321-0230 00 


2.43 kn 


V,w 


Free 


1% 


R567 


321-0224-00 


2.1 kO 


V. w 


Prec 


1% 


RS68 


31 1 -0633-00 


5 kn, Vor 








R569 


323-0316-00 


19.1 kn 


y,w 


Prec 


1% 


R571 


311-0643-00 


son, Var 








R572 


321-0177-00 


681 n 


'A w 


Prec 


1*/. 


R573 


322-0126-00 


20on 


'AW 


Prec 


1% 


R575 


315-0332-00 


3.3 kn 


'AW 




5% 


R576 


321-0230-00 


2.43 kn 


'AW 


Prec 


17, 


R577 


321-0224-00 


2.1 kn 


'AW 


Prec 


17. 


R579 


323-0316-00 


19.1 kn 


y,w 


Prec 


17.. 


R581 


303-0273-00 


27 kn 


1 w 




57, 


R5S2 


323-0233-00 


2.61 kn 


V,w 


Prec 


r-i 


R583 


315-0470-00 


47 n 


-AW 




5% 


R585 


303-0202-00 


2kn 


1 w 




5% 


R536 


315-0820-00 


82 n 


■AW 




57, 


R5S8 


323-0253-00 


4.22 kn 


'AW 


Prec 


17. 


R589 


315-0101-00 


lOOn 


'AW 




57, 


R591 


303-0273-00 


27 kn 


1 w 




57, 


R592 


323-0233-00 


2.61 kn 


'AW 


Prec 


1% 


R593 


315-0470-00 


47 n 


'AW 




57, 


R595 


303-0202-00 


2kn 


1 w 




5% 


R596 


315-0820-00 


82 n 


'AW 




57. 


R597 


323-0349-00 


42.2 kn 


'AW 


Prec 


17. 


R59P 


323-0349-00 


42.2 kn 


'AW 


Prec 


1% 


R599 


315-0101-00 


lOon 


'AW 




57, 






OUTPUT SIGNAL Circuit Board Assembly 








*670-0632-00 


Comolete 


Board 











Capacitors 








Toleronce 


± 207 , unless otherwise indicoted. 










C609 


283-0080-00 


0.022 /.F 


Cer 


25 V 


-1-807,-207, 


C612 


283-0000-00 


0.001 ,.F 


Cer 


500 V 




C616 


281-0603-00 


39 pF 


Cer 


500 V 


57, 


C618 


283-0080-00 


0.022 /iF 


Cer 


25 V 


-I- 807, -207, 


C619 


283-0031-00 


0.1 ,.F 


Cer 


25 V 


•1-807,-207, 




Electrical Parti Uit — 7704 



OUTPUT SIGNAL Circuit Board Assembly (cont) 



Tektronix Serial/Model No. 
Ckt. No. Part No. Eft Disc 



Description 



Capacitors (cont) 



C674 


283-0081-00 


0.1 ,.F 


Cer 


500V 




C675 


281-051000 


22 pF 


Cer 


25 V 


+ 80% -20% 


zm 


283-0081 00 


0.1 /.F 


Cer 


500V 


10% 


C4W 


283-0003-00 


0.1 /.F 


Cer 


25 V 


+80% -20% 


C683 


283-0000-00 


0.01 />F 


Cer 


150V 




C686 


283-0000-00 


0.001 ;iF 


Cer 


500V 




C695 


283-0000-00 


0.001 /iF 


Cer 


500V 




C698 


283-0000-00 


0.001 ,iF 


Cer 


500V 





Semiconductor Device, Diodes 



CR6U 


•152-0185-00 


Silicon 


Reploceoble by 1N4152 


CR615 


•152-0185-00 


Silicon 


Reploceoble by 1N4152 


CR616 


•152-0185-00 


Silicon 


Reploceoble by 1N41S2 


CR674 


•152-0185-00 


Silicon 


Reploceoble by 1N41S2 


CR676 


•152-0185-00 


Silicon 


Reploceoble by IN41S2 


CR696 


•152-0185-00 


Silicon 


Reploceoble by 1N4152 


CR699 


•152-0185-00 


Silicon 


Reploceoble by 1N4152 







Inductors 


L619 


•108-0245-00 


3.9 ,.H 


1682 


•108-0440-00 


8/tH 







Transistors 




0607 


151-0190-00 


Silicon 


2N3904 


0608 


151-0190-00 


Silicon 


2N3904 


0610 


151-0190-00 


Silicon 


2N3904 


0611 


151-0190-00 


Silicon 


2N3904 


0615 


151-0188-00 


Silicon 


2N3906 



0670 


151-0190-00 


Silicon 


2N3904 


0672 


151-0190-00 


Silicon 


2N3904 


0675 


151-0220-00 


Silicon 


2N4122 


0684 


151-0221-00 


Silicon 


2N4258 


0686 


151-0188-00 


Silicon 


2N3906 



0694 


151-0221-00 


Silicon 


2N4258 


0696 


151-0180 00 


Silicon 


2N3906 
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OUTPUT SIGNAL Circuit Board Assembly (cont] 

Tektronix Serial/Model No. 

Ckt. No. Port No. Eft Disc Description 



Resistors 



Resistors ore fixed, composition, ±10% unless otherwise indicoted. 



R600 


315-0201 -00 


200 0 


V,w 


5% 


R601 


315-075200 


7.5 kO 


% w 


5% 


R602 


31 5-01 01 -00 


loon 




5% 


R603 


315-0181-00 


1800 


’AW 


5% 


R604 


315-012300 


12 kO 


‘AW 


5% 



R605 


315-0181-00 


1800 


‘AW 




5% 


R606 


315-0123-00 


12 kO 


’AW 




5% 


R607 


315-0101-00 


100O 


'AW 




5% 


R608 


323-0193-00 


1 kO 


y,w 


Prec 


1% 


R609 


315 0821-00 


820 0 


‘AW 




5% 



R610 


315-0101-00 


lOOO 


’AW 




5% 


R611 


315-0822-00 


8.2 kO 


’AW 




5% 


R612 


3150561-00 


560 0 


'AW 




5% 


R613 


321-0143 00 


301 0 


y,w 


Prec 


1% 


R6U 


321-01BO-00 


732 kO 


y,w 


Prec 


1% 



R615 


321-0226-00 


2.21 kn 


’/,W 


Prec 


1% 


R616 


323-0189-00 


9090 


y,w 


Prec 


1% 


R617 


301-0390-00 


390 


y,w 




5% 


R618 


315-0470-00 


47 0 


’AW 




5% 


R619 


315-0220-00 


220 


’AW 




5% 



R667 


315-0470-00 


47 0 


’AW 


5% 


R669 


315-0101-00 


100O 


’AW 


5% 


R672 


315-0222-00 


2.2 kO 


’AW 


5% 


R673 


315-0241-00 


240 0 


’AW 


5% 


R674 


315-0101-00 


100O 


’AW 


5% 



R67S 


315-0152-00 


1.5 kO 


’AW 




5% 


R676 


315-0272-00 


2.7 kO 


’AW 




5% 


R677 


315-0220-00 


220 


’AW 




5% 


R678 


321-0260-00 


4.99 kO 


’AW 


Prec 


1% 


R679 


323-0190-00 


931 0 


y,w 


Prec 


1% 



R681 


321-0069-00 


51.1 0 


’AW 


Prec 


1% 


R682 


307-0106-00 


4.7 0 


’AW 




5% 


R633 


321-0032-00 


69.8 0 


’AW 


Prec 


1% 


R684 


321-0091-00 


86.6 0 


’AW 


Prec 


1% 


R6SS 


321-0020-00 


15.8 0 


’AW 


Prec 


1% 



R686 


315-0151-00 


1500 


’AW 




5% 


R687 


321-0229-00 


2.37 kO 


'AW 


Prec 


1% 


R688 


321-0244-00 


3.4 kO 


y.w 


Prec 


1% 


R692 


321-0069-00 


51.1 0 


y,w 


Prec 


1% 


R694 


321-0020-00 


15.8 0 


y,w 


Prec 


1% 
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OUTPUT SIGNAL Circuit Board Assembly (cont) 



Ckt, No. 


Tektronix 
Port No. 


Seriol/Model No. 
Eff Disc 




Description 








Resistors 


(coni) 








R695 


31 5-01 51 -00 




1500 


y,w 




5% 


R696 


32I-0224-00 




2.1 kO 


V, w 


Prec 


1% 


R697 


323-0208-00 




1.43 kn 


y,w 


Prec 


1% 


R698 


307-0106-00 




4.7 0 


y,w 




5% 


R699 


321-0097-00 




1000 


V,w 


Prec 


17. 



Switches 



Wired or Unwired 

S607 260-0984 00 Slide GATE 

S666 260-0723-00 Slide 5WP 



CALIBRATOR Circuit Board Assembly 
*670-0633-00 Complete Board 



Capacitors 



Tolerance -^207« unless otherwise indicoled. 



C621 


285-0824-00 


0.047 /.F 


PTM 


lOOV 


17. 


C623 


283-0095-00 


56 pF 


Cer 


200 V 


107, 


C628 


283-0000-00 


0.001 ;.F 


Cer 


500 V 




C633 


283-0178-00 


0.1 /.F 


Cer 


lOOV 


-h 807, -207. 


C645 


283-0003-00 


0.01 ;.F 


Cer 


150 V 




C648 


283-0000-00 


0.001 ,if 


Cer 


500V 





Semiconductor Device, Diode 

CR637 ’I52-01B5-00 Silicon Replaceable by 1N4152 



Transistors 



0624 


1 51 -0273-00 


Silicon 


2N5249 


0626 


151 0273-00 


Silicon 


2N5249 


0634 


151-0190-00 


Silicon 


2N3904 


0636 


151-0190-00 


Silicon 


2N3904 


0642 


151 -0276-00 


Silicon 


2N5087 


0644 


151-0276-00 


Silicon 


2N5087 


0646 


151-0190-00 


Silicon 


2N3904 
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Ckt. No. 



CALIBRATOR Circuit Boord Assembly (cont) 
Tektronix Seriol/Modet No. 

Port No. Eff Disc Description 



Resistors 



Resistors ore fixed, composition, ^10% unless otherwise irsdicoted. 



R62) 


321-0364-00 


60.4 kO 


y,w 


Prec 


1% 


R623 


3150272 00 


2.7 kn 


y. w 




5*4 


R624 


308-0569-00 


2.7 kn 


3 W 


WW 


1% 


R625 


311-0480-00 


500 n, Vor 








R626 


315-0153-00 


15 kn 


V,w 




5% 



R627 


321-0374-00 


76.8 kn 


V.W 


Prec 


1% 


R62B 


315-0472-00 


4.7 kn 


y, w 




57. 


R630 


315-0302-00 


3kn 


V,w 




57. 


R631 


31 5-0302-00 


3kn 


'4 w 




57. 


R632 


315-0123-00 


I2kn 


'4 w 




57. 



R633 


315-0560-00 


56n 


*4 w 




57. 


R634 


315-0511-00 


Sion 


y.w 




57. 


R635 


315-0513-00 


51 kn 


«4W 




57. 


R636 


321-0315-00 


I8.7kn 


V.W 


Prec 


17. 


R637 


321-0356-00 


49.9 kn 


y.w 


Prec 


17. 



R639 


321-0195-00 


1.05 kn 


V.W 


Prec 


17. 


R640 


311-0510-00 


10 kn, Vor 








R641 


321 -0297-00 


12.1 kn 


V. W 


Prec 


17. 


R642 


323-0249-00 


3.83 kn 


y,w 


Prec 


17. 


R643 


321-1188-06 


898 n 


V.W 


Prec 


’47, 



R644 


315-0103-00 


lOkn 


y.w 




57. 


R645 


315-0102-00 


1 kn 


'4W 




5% 


R646 


321-0281-06 


8.25 kn 


y,w 


Prec 


’47. 


R647 


321-0820-06 


42 kn 


'/. w 


Prec 


'47. 


R648 


315-0913-00 


91 kn 


y.w 




57. 



R649 


311-0624-00 


200 kn, Vor 








R650 


316-0101-00 


loon 


V.W 






R651 


301-0103-00 


10 kn 


V,W 




57. 


R652 


323-0761-07 


4.05 kn 


y,w 


Prec 


1/107. 


R653 


321-0815-07 


4.1 kn 


y,w 


Prec 


1/107. 



R654 


321-0812-07 


455 n 


y.w 


Prec 


1/107. 


R65S 


321-0811-07 


56.3 n 


y, w 


Prec 


1/107. 


R656 


321-0813-07 


495 n 


y.w 


Prec 


1/107. 


R657 


321-0310-07 


55 n 


y,w 


Prec 


1/107. 


R658 


321-0816-07 


Skn 


y.w 


Prec 


1/107. 


R659 


321-1068-07 


50.5 n 


V.W 


Prec 


1/107. 



@ 
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Ckt. No. 



CALIBRATOR Circuit Board Assembly (cont) 
Tektronix Serial/Model No. 

Port No. Eff Disc Description 

Switches 



Wired or Unwired 

Com CALIBRATOR 

Com RATE 

Integrated Circuit 

U632 I56-0012-0O Clocked J-K Flipflop Replaceable b/ Fairchild /<L923 



$630=' *670063300 

$655=' •670-0633 00 



Z AXIS Circuit Board Assembly 



• 670 - 0806-00 



Complete Board 



Capacitors 



Tolerance :r20% unless otherwise indicated. 



C703 


281-0504.00 


10 pF 


Cer 


500 V 


10% 


C7H 


290-0305-00 


3/iF 


Elect. 


ISOV 




C712 


283-0004.00 


0.02 ,.f 


Cer 


150V 




C713 


283-0030-00 


0.022 hF 


Cer 


25 V 


-1-80% -20% 


C716 


283-0081-00 


0.1 ,..F 


Cer 


25 V 


-1-80% -20% 


C718 


281-0572-00 


6.8 pF 


Cer 


500 V 


-0.5 pF 


C719 


283-0078-00 


0.001 ,.F 


Cer 


500V 




C723 


283-0078-00 


0.001 /.F 


Cer 


500 V 




C726 


283-0080-00 


0.022 ,.F 


Cer 


25 V 


+80% -20% 


C727 


283-0030-00 


0.022 ^cF 


Cer 


25 V 


+ 00% -20% 


C729 


290-01 49-00 


5,.F 


Elect. 


150 V 




C730 


283-0110-00 


0.005 uF 


Cer 


150V 




C732 


281-0064-00 


0.25-1 .5 pF, Var 


Tub. 






C734 


283-0092-00 


0.03 mF 


Cer 


200 V 


+ 80% -20% 


C747 


285-0622-00 


0.1 ^F 


PTM 


lOOV 




C740 


285-0604-00 


0.01 r.F 


PTM 


400 V 




C755 


283-0010-00 


0.05 ,i.F 


Cer 


150V 




C759 


285-0629-00 


0.047 ^F 


PTM 


100V 




C792 


283-0092 00 


0.03 /.F 


Cer 


200 V 


+ 00% - 20% 


C793 


283-0092-00 


0.03 /.F 


Cer 


200 V 


+ 80%-20% 


C797 


283-0092-00 


0.03 iiF 


Cer 


200 V 


+ 00% -20% 
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Z AXIS Circuit Board Assembly (cont) 

Tektronix Seriol/Model No. 

Ckl. No. Port No. Eff Disc Description 



Semiconductor Device, Diodes 



CR708 


*152-01 85-00 


Silicon 


Replaceable by 1N4152 


CR718 


•152-0185-00 


Silicon 


Replaceable by 1N4152 


CR734 


*152-0185-00 


Silicon 


Reploceoble by 1N4152 


CR735 


*152-0107-00 


Silicon 


Reploceoble by 1N647 


CR747 


152-0246-00 


Silicon 


Low leakage 250 mW, 40 V 


CR759 


*152-0185-00 


Silicon 


Replaceable by 1N4152 



0704 


151-0190-00 


Transistors 

Silicon 


2N3904 


0706 


151-0190-00 


Silicon 


2N3904 


0703 


151-0190-00 


Silicon 


2N3904 


0712 


151-0250-00 


Silicon 


2N5184 


0718 


151-0220-00 


Silicon 


2N4122 



Q724 


151-0220-00 


Silicon 


2N4122 


Q732 


151-0214-00 


Silicon 


2N3495 


Q734 


*151-0124-00 


Silicon 


Selected from 2N3119 


Q752 


*151-0126-00 


Silicon 


Replaceable by 2N2484 


Q756 


151-0188-00 


Silicon 


2N3906 


Q758 


151-0260-00 


Silicon 


2N5189 







Resistors 








Resistors 


ore fixed, composition, ±10% 


unless otherwise indicated. 








R701 


315-0471-00 


470 fi 


%W 




5% 


R703 


31 5-0470-00 


47 0 


y.w 




5% 


R705 


321-0261-00 


5.11 kn 


y.w 


Prec 


1% 


R707 


315-0823-00 


82 kO 


y.w 




5% 


R709 


315-0104-00 


100 kO 


y.w 




5% 



R711 


315-0104-00 


100 kO 


y.w 




5% 


R712 


301-0335-00 


3.3 MO 


y,w 




5% 


R713 


323-0139-00 


274 0 


y,w 


Prec 


1% 


R714 


315-0121-00 


120n 


y.w 




5% 


R715 


321-0060-00 


41.2 0 


y.w 


Prec 


1% 



R716 


315-0470-00 


47 0 


y.w 




5% 


R717 


321-0219-00 


1.87 kn 


y.w 


Prec 


1% 


R718 


315-0161-00 


1600 


y.w 




5% 


R719 


311-0442-00 


250 0, Var 








R721 


303-0121-00 


1200 


1 w 




5% 
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Z AXIS Circuit Board Assembly (cont) 



Teklror>ix Serial/Model No. 
Ckt. No. Port No. Eff Disc 



Description 



Resistors (cont) 



R722 


3154)131-00 


130 n 


’/.W 




5% 


R723 


315-0750 00 


75 n 


V. w 




5% 


R724 


303-0471-00 


470 n 


1 w 




5% 


V76 


31 5-0470-00 


47 n 


•/.W 




5% 


R727 


323-0145-00 


316 n 


V,W 


Prec 


1% 


R728 


321-0320-00 


21 kn 


Vs W 


Prec 


1% 


R729 


323 0360 00 


54.9 kn 


ViW 


Prec 


1% 


R73I 


315-0102-00 


1 kn 


%W 




5% 


R732 


323-0307-00 


15,4 kn 


V,W 


Prec 


1% 


R733 


303-0432-00 


4.3 kn 


1 w 




5% 


R734 


303-0203-00 


20 kn 


1 w 




5% 


R735 


315-0200-00 


20 n 


v,w 




5% 


R736 


301-0101-00 


lOOn 


y,w 




5% 


R737 


315-0223-00 


22 kn 


V.W 




5% 


R738 


315-0154-00 


150 kn 


V 4 W 




5% 


R739 


311-0942-00 


50 kn. Vor 








R743 


311-05)0-00 


10 kn. Vor 








R744 


321-0383-00 


95.3 kn 


V|W 


Prec 


1% 


R745 


323-0505-00 


1.78 Mn 


y, w 


Prec 


1% 


R746 


321 -0437-00 


348 kn 


y,w 


Prec 


1% 


R747 


315-0473-00 


47 kn 






5% 


R748 


31 5-01 53-00 


15 kn 


’AV/ 




5% 


R751 


31 5-0474-00 


470 kn 


'A W 




5% 


R753 


315-0102-00 


1 kn 


'AW 




5% 


R755 


315-0102-00 


1 kn 


•AW 




5% 


R757 


315-0101-00 


loon 


•AW 




5% 


R758 


315-0104-00 


100 kn 


’AW 




5% 


R759 


315-0302-00 


3kn 


•AW 




5% 


R79I 


315-0333-00 


33 kn 


’AW 




5% 


R792 


311-0465-00 


100 kn. Vor 








R795 


311-0463-00 


5 kn, Vor 








R796 


321-0194-00 


1.02 kn 


V, w 


Prec 


1% 


R797 


323-0285-00 


9,09 kn 


’/iW 


Prec 


1% 





LINE INPUT Circuit Board Assembly 


■670-0813-00 


Complete Board 







Bulbs 




OS80S 


119-0181-00 


Surge 


voltage protector 


OS806 


119-0181-00 


Surge 


voltoge protector 


DS812 


150-0053-00 


Neon 


NE, 86T 
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Ckt. No. 



LINE INPUT Circuit Beard Assembly (cent) 

Tektronix Seriol/Model No. 

Port No. Eff Disc Description 

Capacitors 



Toleronce :t-20% unless otherwise indicoted. 



C803 


285-0587-00 


0.1 ,.F 


PTM 


600 V 




C8I0 


290-0414-00 


8,.F 


Elect. 


200 V 


+ 507.-10% 


can 


290-0414-00 


8>iF 


Elect. 


200V 


+507.-10% 


C812 


285-0623-00 


0.47 /.F 


PTM 


lOOV 





Semiconductor Device, Diode 



CR810 


1 52-0396-00 


Silicon 


Full wave, 400 V 






Inductors 




L810 


•108-0585-00 


116 »H 




L811 


*108-0585-00 


116/xH 









Resistors 






Resistors 


ore fixed, composition, ;^107o 


unless otherwise indicated. 






R803 


301-0510-00 


51 n 


y,w 


5% 


R804 


304-01 05-00 


1 MQ 


1 w 




R805 


301-0433-00 


43 kn 


y,w 


5% 


R306 


301-0433-00 


43 kn 


VjW 


5% 


R807 


315-0201-00 


200 0 


Y.w 


5% 



R60e 


315-0470-00 


47 0 


V.w 




RT810 


307-0157-00 


50 


Thermol 




RTBll 


307-0157-00 


SO 


Thermal 




R812 


302-0395-00 


3.9 MO 


V,w 




R813 


304-0154-00 


150 kO 


1 w 




R818 


302-0154.00 


150 kO 


V,w 





Transformer 

T805 *120-0636-00 line trigger 
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INVERTER Circuit Board Assembly 

Tektronix Serial/Model No. 

Ckt. No. Port No. Eft Disc Description 



• 670 - 0814-00 



Complete Board 



Capacitors 



Toteronce • 20% unless otKerwise indicoted. 



C820 


283-0044-00 


0.001 I'f 


Cer 


3000 V 




C821 


283-0006-00 


0.02 mF 


Cer 


500 V 




C822 


2830044.00 


0.001 /.F 


Cer 


3000 V 




C824 


283-0002 00 


0.01 ,.F 


Cer 


500 V 




C825 


290-0284-00 


4.7 /.F 


Elect. 


35 V 


10% 


C835 


290-0284-00 


4.7 /.F 


Elect. 


35 V 


10% 



Semicortductor Device, Diodes 



CR823 


•152-0061-00 


Silicon 


Tek Spec 


CR824 


•152-0061-00 


Silicon 


Tek Spec 


CR825 


152-0413-00 


Silicon 


Post recovery, 400 V moximum 


CR826 


152-0413-00 


Silicon 


Post recovery, 400 V moximum 


CR828 


152-0400-00 


Silicon 


Post recovery, 400 V maximum 



CR830 


152-0401 -00 


Silicon 


Voltage trigger (32 t^3V) 


CR831 


•152-0107-00 


Silicon 


Replaceable by 1N647 


CR835 


152-0413-00 


Silicon 


Post recovery, 400 V moximum 


CR836 


1 52-041 3-00 


Silicon 


Fast recovery, 400 V moximum 


CR838 


152-0400-00 


Silicon 


Post recovery, 400 V maximum 







Inductors 


L826 


*108-0574-00 


30,iH 


L836 


•108-0574-00 


30,mH 







Transistors 




0825 


151-0266-00 


Silicon 


2N3902 


Q835 


151-0266-00 


Silicon 


2N3902 
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INVERTER Circuit Board Assembly (cont) 



Tektronix Serial/Model No. 
Ckl. No. Part No. Eft Disc 



Description 



Resistors 



Resistors ore fixed, composition, ±10% unless otherwise indicoted. 



R820 


315-0331-00 


330 n 


V.w 




5% 


R821 


315-0100-00 


ion 


'/.w 




5% 


R823 


302-0154-00 


150 IcO 


y,w 






R82-1 


321-0365-00 


61.9 kn 


y.w 


Prec 


1% 


R825 


308-0574-00 


ion 


2 W 


WW 


5% 


R826 


303-0555-00 


5n 


3W 


WW 


5% 


R835 


308-0574-00 


ion 


2W 


WW 


5% 


R836 


308-0555-00 


5n 


3W 


WW 


5% 







Tronsformers 


T820 


*120-0640-00 


Toroid. 18 turns, bifilor 


T825 ) 
T839 1 


•120-0641-00 


Toroid, assembly 





RECTIFIER Circuit Board Assembly 


•670-0815-00 


Complete Board 







Capacitors 








Tolerance 


± 207 « unless otherwise indicoted. 










C840 


290-0284-00 


4.7 /.F 


Elect. 


35 V 


10% 


C852 


283-0067-00 


0.001 ,-F 


Cer 


200 V 


10% 


C855 


283-0028-00 


0.0022 ,.F 


Cer 


50 V 




C856 


283-0028-00 


0,0022 uF 


Cer 


50V 




C85B 


283-0178-00 


0,1 ;*F 


Cer 


lOOV 


+ 80% -20% 


C860 


283-0067-00 


0.001 »F 


Cer 


200 V 


10% 


C864 


283-0057-00 


0.001 ,.F 


Cer 


200 V 


10% 


C867 


290-0246-00 


3.3 ;.F 


Elect. 


15V 


10% 


C872 


290-0194-00 


10/.F 


Elect. 


lOOV 




C873 


283-0178-00 


0.1 ,.F 


Cer 


lOOV 


+60% -20% 


C874 


290-0194-00 


10, .F 


Elect. 


lOOV 




C877 


290-0194-00 


10, .F 


Elect. 


100V 




C878 


283-0178-00 


0.1 ,.F 


Cer 


100V 


+80%-20% 


C879 


290-0194-00 


10, -F 


Elect. 


100 V 




C880 


283-0178-00 


0.1, iF 


Cer 


100V 


+ 80%-207o 
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Ckt. No. 



RECTIFIER Circuit Board Assembly (cont) 

Tektronix Serial/Model No. 

Part No. Eff Disc Description 



Capacitors (cont) 



C881 


290-0194-00 


lOi.F 


Elect. 


lOOV 




C882 


290-0194.00 


IOmF 


Elect. 


lOOV 




C883 


283-0177-00 


1 mF 


Cer 


25 V 


+ 80%-207o 


C88-! 


290042500 


100 ■•f 


Elect. 


20 V 




C885 


290-0296-00 


100 ..F 


Elect. 


20 V 





C886 


283-0177-00 


1 ..F 


Cer 


25 V 


+80%-20% 


C887 


290-0425-00 


100 >'F 


Elect. 


20 V 




C888 


290-0296-00 


100 "F 


Elect. 


20 V 




C890 


290-0425-00 


100 ..F 


Elect. 


20 V 




C891 


2830177-00 


1,.F 


Cer 


25 V 


+ 80'’', -20% 


C892 


290 0296-00 


too mF 


Elect. 


20 V 




C393 


2900194.00 


10..F 


Elect. 


lOOV 




C894 


283-0178-00 


0.1 i.F 


Elect 


lOOV 


t-e07o -20% 


C895 


290-0194-00 


10 ..F 


Elect. 


lOOV 




C898 


290-0138-00 


330 mF 


Elect. 


6V 




C899 


283-0177-00 


1 ..F 


Cer 


25 V 


+807o -20% 



Semiconductor Device, Diodes 



CR840 


1 52 0333-00 


Silicon 


High speed and conducronce 


CR841 


152-0333-00 


Silicon 


High speed and conductance 


VR848 


152-0212-00 


Zener 


1N936 SOOmW, 9V, 5% 


CR857 


•152-0185-00 


Silicon 


Reploceobic by 1N4152 


CR858 


•152-018500 


Silicon 


Replaceable by 1N4152 


CR859 


*152-0185-00 


Silicon 


Reploceoble by 1N4152 


CRS60 


’52 0333 00 


Silicon 


High speed and conductance 


CR872 


152-0414.00 


Silicon 


Fost recovery, 200 V moximum 


CR873 


152-0414.00 


Silicon 


Post recovery, 200 V maximum 


VR876 


152-0289-00 


Zener 


1N99)8, 400 mW, 180 V, 5% 



CR877 


152-0414-00 


Silicon 


Fost recovery, 200 V moximum 


CR878 


152-0414-00 


Silicon 


Fost recovery, 200 V moximum 


CR880 


152-0414-00 


Silicon 


Fost recovery, 200 V moximum 


CR831 


152-0414-00 


Silicon 


Fast recovery, 200 V moximum 


CR883 


152-0397-00 


Silicon 


Fast recovery, 50 V maximum 



CR884 


152-0397-00 


Silicon 


Fast recovery, 50 V moximum 


CR886 


152-0412-00 


Silicon 


Fast recovery, 50 V maximum 


CR887 


152-0412-00 


Silicon 


Fost recovery, 50 V moximum 


CR890 


152-0412-00 


Silicon 


Fast recovery, 50 V moximum 


CR891 


152-0412-00 


Silicon 


Fast recovery, 50 V moximum 



CR893 


152-0414-00 


Silicon 


Fast 


recovery. 200 V maximum 


CR894 


152-0414-00 


Silicon 


Fast 


recovery, 200 V moximum 




Electrical Parts List — 7704 



Ckl, No. 



RECTIFIER Circuit Board Assembly (cont) 

Tektronix Serial/Model No. 

Port No. Eft Disc Description 



Inductors 



L872 


M08-0422-0I 


80 ,,H 




L$77 


•103-0422.01 


80 >.H 




L881 


•108-0422-01 


80 




L884 


•108-0337-00 


25 /.H 




1887 


•1080337.00 


25/.H 




L890 


•108-0337.00 


25 -<H 




L893 


•108-0422.01 


80 /.H 




L897 


•108-0556-00 


12i.H 




1898 


•108-0554.00 


5/.H 

Transistors 




0843 


151-0188-00 


Silicon 


2N3906 


0846 


151-0188-00 


Silicon 


2N3906 


0853 


151-0190-00 


Silicon 


2N3904 


0855 


151-0190-00 


Silicon 


2N3904 


0856 


151-0190-00 


Silicon 


2N3904 



0860 


151-0260-00 


Silicon 


2N5189 


0863 


•151-0192-00 


Silicon 


Reploceoble by MPS 6521 


0864 


151-0190-00 


Silicon 


2N3904 


0868 


151-0190-00 


Silicon 


2N3904 


0876 


151-0505-00 


Silicon 


Controlled rectifter 



Resistors 



Resistors ore fixed, composition. ±10% unless otherwise indicoled. 



R840 


315-0100-00 


ion 


% w 




5% 


R842 


321-0213-00 


1.62 kn 


V. w 


Prec 


1% 


R843 


311-0363-00 


500 n. Var 








R844 


321-0222-00 


2kn 


ViW 


Prec 


1% 


R845 


315-0102-00 


1 kn 


V.w 




5% 



R846 


315-0470-00 


47 n 


>/4 W 


5% 


R848 


315-0102-00 


1 kn 


% w 


5% 


R85I 


315-0202-00 


2kn 


’/.W 


5% 


R8S2 


315-0104-00 


100 kn 


% w 


5% 


R853 


315-0472-00 


4.7 kn 


y.w 


5% 


R854 


315-0242-00 


2.4 kn 


'/.w 


5% 


R855 


315-0102-00 


1 kn 


% w 


5% 


R856 


315-0102-00 


1 kn 


% w 


5% 


R858 


315-0150-00 


15 n 


'AW 


5% 


RB60 


315-0473-00 


47 kn 


■AW 


5% 
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RECTIFIER Circuit Board Assembly (cont) 



Tektronix Serial/Model No. 



Ckf. No. 


Part No. 


Eff 


Disc 


Descriptiort 










Resistors (coni) 






R861 


315-0104.00 




100 kn 


%W 


5% 


R863 


315027200 




2.7 k'l 


'/« W 


5% 


R864 


315-0471 00 




470 a 


V.w 


5% 


R866 


315-0102 00 




1 k{> 


%w 


5% 


R867 


315-0104-00 




100 kn 


V« w 


5% 


R8i8 


3150472-00 




4.7 kn 


V.w 


5% 


R876 


315-0102-00 




1 k!l 


’/4 w 


5% 







Transformers 


T874 


•120-0638-00 


Toroid, 15 turns, bililor 


T879 


•120-053800 


Toroid, 15 turns, bifilor 


T882 


•120-0638 00 


Toroid, 15 turns, bdilor 


T885 


•120-0539-00 


Toroid, 8 turns, bifilor 


TB88 


•1200639-00 


Toroid, 8 turns. bil'Ior 


T992 


•120-0639-00 


Toroid, 8 turns, bifilar 


T895 


•120-0638-00 


Toroid, 15 turns, bifilor 


T899 


•120-0537.00 


Toroid, 5 turns, bifilor 



L V. REGULATOR Circuit Board Assembly 
*670-0816-00 Complete Board 



Capacilort 



Toleronce ■ 20% unless otherwise indicated. 



C903 


283-0178-00 


0.1 '<f 


Cer 


lOOV 


-4-807, -20% 


C905 


281-0546-00 


330 pF 


Cer 


500 V 


10% 


C907 


283-0083-00 


0.0047 -F 


Cer 


500V 


5% 


C910 


283-0177-00 


1 ,.iF 


Cer 


25 V 


4- 80% -20% 


C911 


283-0190-00 


0.47 /.F 


Cer 


50V 


5% 


C921 


283 0177-00 


1,.F 


Cer 


25 V 


4-80% -20% 


C925 


283-000300 


0,01 -F 


Cer 


150V 




C933 


283-0114-00 


0.0015 mF 


Cer 


200 V 


5% 


C935 


283 0081 00 


0.1 ,.F 


Cer 


25 V 


4-80% -20% 


C941 


283-0177-00 


1;.F 


Cer 


25 V 


4-80% -20% 


C945 


283-0081-00 


0.1 ,<F 


Cer 


25 V 


4-80% -20% 


C950 


283 0177-00 


1,.F 


Cer 


25 V 


-f-80%-20% 


C961 


283-0177-00 


1 ,,F 


Cer 


25 V 


4-80% -20% 


C968 


283-0041 -00 


0.0033 iiF 


Cer 


500 V 


5% 


C981 


283-0178-00 


0.1 ,.F 


Cer 


100V 


4- 80% -20% 




Electrical Parts List— 7704 



d 
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u 


L V. REGULATOR Circuit Board Assembly 

Tektronix Serial/Model No. 

Part No. Eff Disc 


(cont) 

Description 






C982 


Capacitors (conij 

290-0187-00 4.7, .F 


Elect. 


35 V 




C990 


283-0065-00 0.001 ,.F 


Cer 


lOOV 




C992 


283-0177-00 1 ,.F 


Cer 


25 V 


+80%- 



CR905 


•152-0185-00 


Semiconductor Device, Diodes 
Silicon 


Reploceoble by 1N4152 


CR906 


*152-0185-00 


Silicon 


Replaceable by 1N4t52 


CR909 


•152-0061-00 


Silicon 


Tek Spec 


VR910 


152-0168-00 


Zener 


1N963A 400mW, 12 V, 5% 


CR914 


•152-0185-00 


Silicon 


Replaceable by 1N4152 


CR922 


•152-0185-00 


Silicon 


Reploceoble by 1N4152 


CR923 


•152-0185-00 


Silicon 


Replaceable by 1N4152 


CR924 


•152-0185-00 


Silicon 


Replaceable by 1N4152 


VR927 


152-0280-00 


Zener 


1N753A 400 mW, 6.2 V, 5% 


VR930 


152-0195-00 


Zener 


1N751A 400 mVJ. 5.1 V, 57o 


CR935 


*152-0061-00 


Silicon 


Tek Spec 


CR938 


•152-0185-00 


Silicon 


Replaceable by 1N4152 


CR941 


152-0066-00 


Silicon 


1N3194 


CR942 


1 52-0066-00 


Silicon 


1N3194 


CR948 


•1 52-01 85-(X) 


Silicon 


Replaceable by 1N4152 


CR949 


•152-0185-00 


Silicon 


Replaceable by 1N4152 


CR961 


152-0418-00 


Silicon 


300 V, 3 A 


CR964 


*152-0185-00 


Silicon 


Reploceable by 1N4152 


CR965 


•152-0185-00 


Silicon 


Reploceoble by 1N4152 


CR972 


•152-018500 


Silicon 


Reploceoble by 1N4152 


CR98I 


152-0418-00 


Silicon 


300V, 3A 


VR982 


152-0411-00 


Zener 


1N937, 250 mW, 9 V, 5% 


CR984 


•152-0185-00 


Silicon 


Reploceoble by 1N4152 


CR991 


•152-0185-00 


Silicon 


Reploceoble by 1N4152 


CR994 


*152-0185-00 


Silicon 


Reploceoble by 1N4152 







Fuses 




F901 


159-0028-00 


A 3AG 


Fost-Blo 


F902 


1 59-0028-00 


'/» A 3AG 


Fast-Blo 


F921 


159-0021-00 


2 A 3AG 


Fast-Blo 


F957 


159-0022-00 


1 A 3AG 


Fast-Blo 



Meter 



M941 



149-0030-00 



Elapsed time 
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L. 


V. REGULATOR 


Circuit 


Board 


Assembly (cont) 




Tebironii 


Seriol/Model 


No. 






Ckt No. 


Port No- 


Eff 


Disc 




Description 








Transistors 




0906 


151-0232-00 






Silicon 


Dual 


0910 


•151-0192-00 






Silicon 


Reploceoble by MPS 6521 


0912 


151-0190 00 






Silicon 


2N3904 


091 -! 


151-0250-00 






Silicon 


2N5184 


0922 


151-0232-00 






Silicon 


Dual 


0928 


151-0190-00 






Silicon 


2N3904 


0930 


151-0188-00 






Silicon 


2N3906 


09.36 


•151-0192 00 






Silicon 


Reploceoble by MPS 6521 


09J4 


•151-0216-00 






Silicon 


Replaceable by MPS 6523 


0946 


•151-0216-00 






Silicon 


Reploceoble by MPS 6523 


0948 


151-0188-00 






Silicon 


2N3906 


0952 


151 -0760-00 






Silicon 


2N5189 


0954 


151-0188-00 






Silicon 


2N3906 


0964 


151-0232-00 






Silicon 


Dual 


Q966 


151-0190-00 






Silicon 


2N3904 


0970 


•151-0192-00 






Silicon 


Reploceoble by MPS 6521 


0984 


151-0232-00 






Silicon 


Dual 


0988 


151-0190-00 






Silicon 


2N3904 


0992 


•151-0192-00 






Silicon 


Replaceable by MPS 6521 


0994 


151-0188-00 






Silicon 


2N3906 



fiesisfors 



Rrtsis'ors tire composition. * 10% unless otherwise indicoted. 



R«04 


315-0434-00 


430 kn 


% w 




5% 


R905 


315 0323-00 


82 kl> 


% w 




57. 


R906 


315-0274-00 


270 kn 


V.w 




5% 


R907 


323 0289-07 


lOkn 


y,w 


Prec 


1/10% 


RO08 


323-0289-07 


lOkn 


V, w 


Prec 


1/10% 


R9C9 


301-0103-00 


10 ko 


y,w 




5% 


R011 


307-0108-00 


6.8 n 


% w 




5% 


R912 


321-0356-00 


49.9 kl> 


y, w 


Prec 


17. 


R913 


321-0155-00 


402 n 


V.w 


Prec 


1 

' IQ 


R914 


315-051300 


51 k<> 


V.w 




5% 


R915 


303-0292 00 


2.2 kn 


3 W 


ww 


5% 


R916 


315-0121-00 


120') 


V.W 




5% 


R917 


307-0093-00 


1.2D 


V,w 




5% 


R918 


307-0103-00 


2.7 n 


V.w 




5% 


R92? 


315-0274-00 


270 kO 


V.w 




5% 


R923 


31 5-0904-00 


200 k() 


V.w 




5% 


R92S 


323-0758-07 


3kn 


y»w 


Prec 


1/10% 


R926 


323-0989-07 


10k<) 


V,W 


Prec 


1/10% 


R928 


321-0306-00 


15kn 


v.w 


Prec 


1% 


R929 


315-0201-00 


200 n 


v.w 




5% 
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Ckt. No. 


L 

Tektronix 
Part No. 


V. REGULATOR Circuit Beard Assembly (cent) 
Seriol/Model No. 

Eff Disc Description 








Resistors 


(cont) 








R930 


315-0621^ 




620 n 


V, w 




5% 


R931 


301-0102-00 




1 kn 


y,w 




5% 


R932 


315-0474-00 




470 kn 


w 




5% 


R933 


315-0222-00 




2.2 kn 


y,w 




5% 


R934 


321-01 50-00 




357 n 


v.w 


Prec 


1% 


R935 


301-0621-00 




620 n 


y,w 




57. 


R936 


315-0153-00 




15kn 


y, w 




57. 


R937 


306-01 80-00 




I8n 


2W 






R93B 


315-0151-00 




i5on 


V 4 W 




57. 


R939 


•308-0560-00 




0.12 n 


5W 


WW 


57. 


R941 


301 -0395-00 




3.9 Mn 


y,w 




57. 


R943 


315-0222-00 




2.2 kn 


’AW 




5*/, 


R944 


31 5-0473-00 




47 kn 


’A W 




5% 


R945 


315-0390-00 




39 n 


'AW 




5*/. 


R946 


321-0193-07 




1 kn 


'AW 


Prec 


1/107. 


R947 


323-0289-07 




lOkn 


y,w 


Prec 


1/107. 


R948 


315-0471-00 




470 n 


’AW 




57. 


R949 


315-0471-00 




470 n 


'AW 




5“/. 


R950 


315-0101-00 




lOOn 


’AW 




57. 


R951 


306-0180-00 




18 n 


2 w 






R952 


315-0151-00 




i5on 


y,w 




57. 


R953 


315-0472-00 




4.7 kn 


’AW 




57. 


R954 


315-0331-00 




33on 


’AW 




57. 


R955 


•303-0560-00 




0.12 n 


5W 


WW 


57, 


R962 


323-0758-07 




3kn 


y,w 


Prec 


1/10“/, 


R963 


323-0763-07 




7kn 


’AW 


Prec 


1/107. 


R964 


315-0434-00 




430 kn 


'AW 




5“/. 


R965 


315-0164-00 




160 kn 


’AW 




57. 


R9W 


321-0306-00 




15 kn 


•AW 


Prec 


17. 


R967 


321-0150-00 




357 n 


y,w 


Prec 


1“/. 


R968 


315-0162-00 




1.6 kn 


'AW 




57. 


R969 


301-0621-00 




620 n 


’AW 




5“/. 


R971 


315-0153-00 




15kn 


'AW 




57. 


R972 


306-0180-00 




I8n 


2 W 






R973 


315-0151-00 




i50n 


’AW 




5“/. 


R974 


•308-0560-00 




0.12 n 


5 W 


WW 


5“/. 


R982 


323-0264-00 




5.49 kn 


V,W 


Prec 


1% 


R9B3 


315-0474-00 




470 kn 


’AW 




5“/. 


R984 


315-0204-00 




200 kn 


'AW 




57. 


R985 


323-0771-09 




1.375 kn 


'AW 


Prec 


17. 


R986 


311-0515-00 




250 n, Vor 








R987 


323-0772-09 




6.71 kn 


'AW 


Prec 


17. 


R988 


321-0356-00 




49.9 kn 


’AW 


Prec 


17. 


R989 


321-0150-00 




357 n 


’AW 


Prec 


17. 


R990 


315-0622-00 




6.2 kn 


'AW 




5“/. 
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L. V. REGULATOR Circuit Board Assembly (cont) 



Ckt. No. 


Tektronix 
Port No. 


Serial/Model No. 
Eft Disc 






Resistors 


R991 


301-0103-00 




R992 


315-0470-00 




R995 


301-0621-00 




R996 


315-0121-00 




R997 


307-0093-00 




R998 


307-0093-00 





READOUT Circuit 

• 670 - 0635-00 



Description 



Icont) 



10 kn 


V,w 


5% 


47 n 


V. W 


5% 


620 0 


V,w 


5% 


120 0 


'/« w 


5% 


1.2 0 


V,w 


5% 


1.2 0 


V,w 





Beard Assembly 
Complete Board 



Capacitors 



Toleronce i20% unless otherwise indicoted. 



C1141 


283-0032-00 


470 pF 


Cer 


500 


V 


5% 


C1180 


283-0032-00 


470 pF 


Cer 


500 


V 


5% 


C1190 


283-0000-00 


0.001 /.F 


Cer 


500 


V 




C1214 


285-0698-00 


0.0082 /.F 


PTM 


100 


V 


5% 


Cl 222 


283-0103-00 


180 pF 


Cer 


500 


V 


5% 



Cl 227 


283-0103-00 


180 pF 


Cer 


500V 


5% 


Cl 230 


283-0000-00 


0.001 mF 


Cer 


500V 




Cl 267 


283-0000-00 


0.001 ..F 


Cer 


500 V 




Cl 268 


283-0177-00 


1,.F 


Cer 


25 V 


-1-80% -20% 


Cl 291 


283-0177-00 


ImF 


Cer 


25 V 


4-80% -20% 


C1294 


283-0177-00 


1 ..F 


Cer 


25 V 


4-80% -20% 


Cl 297 


283-0177-00 


1/.F 


Cer 


25 V 


4-80%-20% 







Semiconductor Device, Diodes 




CR1112 


■152-0185 00 


Silicon 


Replaceable by 1N4152 


CR1113 


•152-0185-00 


Silicon 


Replaceoble by 1N4152 


CR1117 


•152-0185-00 


Silicon 


Replaceable by 1N41S2 


CR1118 


*152-0185-00 


Silicon 


Replaceable by 1N4152 


CR1122 


•152-0185-00 


Silicon 


Reploceable by 1N41S2 


CR1123 


•152-0185-00 


Silicon 


Replaceable by 1N4152 


CR1127 


•152-0185-00 


Silicon 


Reploceoble by 1N4152 


CR1128 


•152-0185-00 


Silicon 


Replaceable by 1N4152 


CR1I55 


•152-0185-00 


Silicon 


Reploceable by 1N4152 


CR1206 


•152-0185-00 


Silicon 


Replaceable by IN4152 
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READOUT Circuit Board Assembly (cont) 



Tektronix Seriol/Model No. 

Ckt. No. Pori No. Etf Disc Description 

Semiconductor Device, Diodes (cont) 



CR1207 


■152 0185-00 


Silicon 


Reploceoble by 1N4152 


CR1208 


• 152-01 85-00 


Silicon 


Replaceable by 1N4152 


CR1216 


•152-01 85-00 


Silicon 


Replaceable by 1N4152 


CR1217 


•152-0185-00 


Silicon 


Reploceable by 1N4152 


CR1222 


•152-0185-00 


Silicon 


Reploceoble by 1N4152 


CR1223 


•157-0185-00 


Silicon 


Replaceable by 1N4152 


CR1224 


•152-0185-00 


Silicon 


Reploceoble by 1N4152 


CR1227 


•152-0185-00 


Silicon 


Replaceable by 1N4152 


CR1231 


•152-0185-00 


Silicon 


Replaceable by 1N4152 


VR1260 


•152-0405-00 


Zener 


Tek Spec. 1 W, 15 V, 5% 


VR1261 


•152-0405-00 


Zener 


Tek Spec, 1 'A', 15 V, 5% 


VRI262 


•152-0405-00 


Zener 

Inductor 


Tek Spec, 1 W. 15 V, 5% 


LI 270 


*108-0331-01 


0.75 /<f 

Transistors 




01143 


151-0232-00 


Silicon 


Dual 


01150 


151-0190-00 


Silicon 


2N3904 


01152 


151-0190-00 


Silicon 


2N3904 


01155 


151-0188-00 


Silicon 


2N3906 


01163 


151-0190-00 


Silicon 


2N3904 


01185 


•151-0192-00 


Silicon 


Reploceoble by MPS 6521 


01223 


151-0186-00 


Silicon 


2N3906 


01226 


151-0190-00 


Silicon 


2N3904 


01274 


151-0188-00 


Silicon 


2N3906 


01278 


151 -0188-00 


Silicon 


2N3906 


01264 


151-0188-00 


Silicon 


2N3906 


01268 


151-0188-00 


Silicon 


2N3906 



Resistors 

Resistors ore fixed, composition, ±10% unless otherwise indicated. 



R1111 


317-0102-00 


1 kn 


V.W 


5% 


R1112 


317-0751-00 


750 a 


y,w 


5% 


R1113 


317-0751-00 


750 n 


V.W 


5% 


R1116 


317-0102-00 


1 kn 


Vi W 


5% 


R1117 


317-0751-00 


750 n 


V.W 


5% 



< 6 ) 
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Ckr. No. 


Tektronix 
Port No. 


READOUT Circuit Board Assembly (cont) 
Seriol/Model No. 

Eff Disc Description 








Resistor* (cont) 






RMI8 


317-0751-00 


750 n 


V,w 


5% 


RU21 


317-0102-00 


1 kn 


’/•W 


5% 


R1122 


317-0751-00 


750 n 


v,w 


5% 


R1I23 


31 7-0751 00 


750 0 


V,w 


5% 


R1126 


317-0102-00 


1 kO 


V,w 


5% 



R1127 


317-0751-00 


750 0 


V.w 


5% 


R1128 


317-0751-00 


750 0 


y.w 


5% 


R1131 


317-0513-00 


51 kn 


ViW 


5% 


R1132 


317-0133-00 


13 kO 


ViW 


5% 


R1133 


317-0133-00 


13 kO 


y.w 


5% 



R1134 


317-0753-C0 


75 kO 


y.w 




5% 


R113S 


321-0310-00 


16.5kO 


y.w 


Prec 


1% 


R1136 


317-0513-00 


51 kO 


y, w 




5% 


R1137 


321-0321-00 


21.5 kO 


y.w 


Prec 


1% 


R1138 


321-0335-00 


30.1 kO 


y.w 


Prec 


1% 



R1140 


317-0752-00 


7.5 kO 


y.w 




5% 


R1141 


321-0261 -00 


5.11 kO 


y.w 


Prec 


1% 


R1143 


317-0133-00 


13 kO 


y.w 




5% 


R1144 


317-0154-00 


150 kO 


y.w 




5% 


R1146 


321-0181-00 


750 0 


v.w 


Prec 


1% 



R1147 


321-0301-00 


13.3 kO 


y.w 


Prec 


1*4 


R1148 


317-0102-00 


1 kn 


y.w 




5% 


R1152 


317-0152-00 


1.5 kO 


y.w 




5% 


R1155 


317-0562-00 


5.6 kO 


y. w 




5% 


R1156 


321 -0297-00 


12.1 kO 


y.w 


Prec 


1% 



R1163 


317-0243-00 


24 kn 


y.w 




5% 


R1171 


317-01 54-00 


150 kO 


v.w 




5% 


R1172 


321-0335-00 


30.1 kO 


y.w 


Prec 


1% 


R1173 


321-0344-00 


37.5 kO 


y.w 


Prec 


1% 


R1174 


321-0335-00 


30.1 kO 


y.w 


Prec 


1% 



R1175 


317-0513-00 


51 kn 


y. 


w 




5% 


R1176 


317-0154-00 


150 kn 


y. 


w 




5% 


R1177 


321-0335-00 


30.1 kn 


y. 


w 


Prec 


1% 


RI178 


321-0335-00 


30.1 kn 


y. 


w 


Prec 


1% 


R1180 


321-0262-00 


5.23 kn 


V. 


w 


Prec 


1% 



R1181 


321-0371-00 


71.5kn 


y.w 


Prec 


1% 


R1183 


321-0401-00 


I47kn 


y.w 


Prec 


1% 


R11B5 


317-0103.00 


lOkn 


v.w 




5% 


R1190 


317-0303-00 


30 kn 


y. w 




5% 


R1191 


317-0203-00 


20 kn 


y.w 




5% 
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READOUT Circuit Board A$$embly (cont) 

Tektronix Serial/Model No. 

Ckt. No, Port No. Elf Disc Descrip^n 

Resistors (cont) 



R1193 


317-0203-00 


20 kn 


y,w 


5% 


R1195 


317-0203-00 


20 kn 


Vs W 


5% 


R1I97 


317-0203-00 


20 kn 


y,w 


5% 


RI205 


317-0432-00 


4.3 kn 


ViW 


5% 


R1206 


317-0683-00 


68 kn 


V,w 


57. 



R1210 


317-0104-00 


100 kn 


y,w 


5% 


R1214 


317-0393-00 


39 kn 


y,w 


57. 


R1215 


317-0562-00 


5.6 kn 


V, w 


57. 


R12I6 


315-0152-00 


1.5 kn 


'U w 


57. 


R1220 


317-0103-00 


10 kn 


y,w 


57. 



R1221 


317-0752-00 


7.5 kn 


y,w 


57. 


R1223 


315-0242-00 


2.4 kn 


y.w 


57. 


R1226 


317-0152-00 


1.5 kn 


y,w 


57. 


R1227 


317-0512-00 


5.1 kn 


y,w 


57. 


R1230 


317-0512-00 


5.1 kn 


y,w 


57. 



R1255 


321-0222-00 


2kn 


y,w 


Prec 


17. 


R1256 


321-0176-00 


665 n 


ViW 


Prec 


17. 


R1257 


321-0250-00 


3.92 kn 


y,w 


Prec 


17. 


R1258 


317-0223-00 


22 kn 


y.w 




57. 


R1260 


317-0102-00 


1 kn 


y,w 




57. 


R1264 


317-0272-00 


2,7 kn 


VsW 




57. 



R1265 


317-0512-00 


5.1 kn 


VsW 






R1266 


317-0822-00 


8.2 kn 


y.w 




57. 


R1268 


321-0296-00 


11.8 kn 


V,w 


Prec 


17. 


R1269 


317-0823-00 


82 kn 


VsW 




57. 


R1270 


321-0222-00 


2kn 


y.w 


Prec 


17. 



R1271 


321-0216-00 


1.74 kn 


y,w 


Prec 


17. 


R1272 


321-0245-00 


3.46 kn 


y,w 


Prec 


17. 


R1274 


321-0209-00 


1.47 kn 


y,w 


Prec 


17. 


R1276 


321-0241-00 


3.16kn 


y,w 


Prec 


17. 


R1277 


321-0255-00 


4.42 kn 


y,w 


Prec 


17. 



R1278 


315-0152-00 


1.5 kn 


y.w 




57. 


R1280 


321-0273-00 


6.81 kn 


y,w 


Prec 


17. 


R1281 


321-0193-00 


1 kn 


’/• W 


Prec 


17. 


R1284 


321-0199-00 


M5kn 


VsW 


Prec 


17. 


R12BS 


311-0635-00 


1 kn. Vor 









R1286 


321-0204-00 


1.3 kn 


y,w 


Prec 


17. 


R1287 


321-0245-00 


3.48 kn 


Vi w 


Prec 


17. 


R1288 


31 SOI 52-00 


1.5 kn 


y.w 




57. 


R1289 


315-0511-00 


5ion 


y.w 




57. 
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READOUT Circuit Board Assembly (cont) 



Tektronix Serial/Model No. 

Ckt. No. Port No. Eff Disc Description 



Integrated Circuits 



U1130 


•155-001 5-00 


Monolithic 


U1166 


•155-0014-00 


Monolithic 


U1170 


•155-0015-00 


Monolithic 


U1186 


•155-0014.00 


Monolithic 


U1190 


•155-0018-00 


Monolithic 


U1210 


•155-0021-00 


Monolithic 


UI226 


•155-0017-00 


Monolithic 


U1227 


156-0043-00 


Quod 2-Input NOR Gate Reploceable by TI5N7402N 


U1230 


156-0012-00 


Clocked i-K Flipflop Reploceable by Fairchild /'L923 


U1231 


156-0012-00 


Clocked J-K Flipflop Replaceable by Fairchild ^'1923 


U1232 


156-0012-00 


Clocked J-K Flipflop Reploceoble by Fairchild /iL923 


U1251 


•155 0023-00 


Monolithic 


U1252 


•155-0024-00 


Monolithic 


UI2S3 


•155-0025-00 


Monolithic 


U1254 


•155-0026-00 


Monolithic 


U1255 


•155-0027-00 


Monolithic 


U1260 


•155-0019-00 


Monolithic 


U1270 


•155-0020-00 


Monolithic 







GRATICULE LIGHT Circuit Board Assembly 




•670-0702-00 


Complete 


Board 






Bulbs 




DS957 


150-0029-00 


Incandescent 


GE 349 


DS958 


150-0029-00 


Incandescent 


GE 349 


DS959 


150-0029-00 


Incondescent 


GE 349 



B TRIG. SOURCE Circuit Board Assembly 
•670-0821-00 Complete Board 

Bulb 

DSlOOl •150-0057-01 Incondescent 7153AS15, selected 

Switch 

Wired or Unwired 

51001” ‘670-0821-00 Pushbutton B TRIG SOURCE 



'S«t Mechanical Ports list for replacement parts. 
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A TRIG. SOURCE Circuit Beard Assembly 



Tektronix Serial/Model No. 
Ckl. No. Port No. Eff Disc 



Description 



•670-0792-00 



Complete Board 



Bulb 



DS1011 *150-0057.0: 



Incondescent 7I53AS15, selected 



Switch 



Wired or Unwired 

Sion” *670-0792.00 Pushbutton A TRIG SOURCE 



VERT. MODE Circuit Beard Assembly 
*670-0791-00 Complete Board 



Bulbs 



DS1021 


•1 50 0057-01 


Incandescent, 7153AS15, selected 


DS1023 


•150-0057-01 


Incandescent, 7153AS15, selected 


DS1025 


•150-0057-01 


Incandescent, 7153AS15, selected 


OS1027 


•150-0057-01 


Incondescent, 7153AS15, selected 


DS1029 


•150-0057-01 


Incandescent. 7153A515, selected 



Semiconductor Device, Diodes 



CR1021 


•152-0185-00 


Silicon 


Replaceoble by 1N41S2 


CR1022 


•152-0185-00 


Silicon 


Replaceable by 1N4152 


CR1023 


•152-0185-00 


Silicon 


Replaceable by 1N4152 


CR1027 


•152-0185-00 


Silicon 


Reploceable by 1N4152 



Resistor 

Resistors are fixed, composition, ^10% unless otherwise indicoled. 

R1023 315-0153-00 15kD '/4 W 5% 



Switch 



Wired or Unwired 
S1021” -670-079I-00 



Pushbutton VERT MODE 



M*chenl(al Pent lUl fdr r«p1acafn«nT 
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HORIZ. MODE Circuit Board Assembly 

Tektronix Seriol/Model No. 

Ckt, No. Port No. Eff Disc Description 



* 670 - 0790-00 



Complete Board 



Bulbs 



DS1031 *I50-0057.01 

DS1032 *150-0057-01 

DS1033 *150-0057-01 

DS1034 *150-0057.01 



Incandescent, 7I53ASI5, selected 
Incandescent, 7I53AS15, selected 
Incondescent, 7153AS1S, selected 
Incandescent, 7IS3AS15, selected 



Resistor 



Resistors are fixed, composition, ±10% unless otherwise indicoted. 

R1025 316-0270-00 27(1 V 4 W 



Switch 



Wired or Unwired 
S1031=* *670-0790-00 



Pushbutton HORIZ MODE 



Miehanl<ol Sertt Uil lor rvpIoMiiisnl part*. 
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VOLTAGE AND WAVEFORM TEST CONDITIONS 



TypiMl voltage measurements were obtained under the following 
conditions unless rtoted otherwise on the individual diagrams: 



Test Oscilloscope (with 10X Probe) 



Freouency response 
Deflection factor 
iwith probe) 
Input imi^ence 
Probe grourtd 
Trigger source 



Recommended type 
(as used for wave- 
forms on diagrams) 



DC to 30 MHz 

50 millivolts to &0 volts/division 

10 megohm. 1 3 picofarads 
7704 chassis ground 
External from +GATE connector to 
irxficate true tune relaiiondtip be- 
tween signals 

Tektronix 7504 with 7A16 and 7B60 
plug-in units 



Voltrrteter 

Type 

Input impedance 
Range 

Reference voltage 
Recommended type 
(as used for voltages 
on diagrams) 



Non-loading digital multimeter 
Oto 1.5 volts: >1 kMn 
15 to 1000 volts; lOMfl 
0 to 1000 volts 
7704 Chavis ground 
Fairchild Model 7060 



7704 Conditions 

Lirte voltage 
Signal vplied 



Connectors 



Trace position 
Control settings 



115 volts 

No Signal ai>plied for voltage mea- 
surements. Apply 4 volts of 1 kHz 
calibrator signal from test scope to * 
INPUT of 7A22 for waveforms only. 
No conrtections for voltage measura- 
rrtents. For waveforms CAL out sig- 
nal is applied to external trigger input 
of test scope. Also see Signal applied 
above. 

Centered 

As follows except si noted otherwise 
on individual diagrams. 



7704 

A INTENSITY 
FOCUS 
B INTENSITY 
BEAM FINDER 
READOUT 
CONTROL ILLUM 
GRAT ILLUM 
CALIBRATOR 
RATE 

VERTICAL MODE 
A TRIGGER SOURCE 
HORIZONTAL MODE 
VERT TRACE 

SEPARATION <B) 
B TRIGGER SOURCE 
I nternal Sweep switch 
Internal Gate switch 



Counterclockwise 

Midrange 

Counterclockwise 

Released 

OFF 

OFF 

Counterclockwise 
4V 
1 kHz 
LEFT 

VERT MODE 
A 

Midrange 

VERT MODE 

A 

A 



Left Vertical Plug-In I7A23) 



Position Cantered 

Volts/Div 1 V 

Variable Cal 

Offset Centered 

HF-3dB Point 1MHz 

LF-3dBPoint DC 

+ Input Gnd 

— Input Gnd 



Right Vertical Plug-In (7A16) 



Position 


Cantered 


Polarity 


•f UP 


Input Coupling 


Gnd 


BW 


Full 


Volts/Div 


.1 


Variable 


Cel 


Horiz Plug-In (7651) 


Lave(/S)ope 


Midrange, positive slope 


Position 


Centered 


B Delay Mode 


Independent 


Delay Tima Mult 


0.0 


Triggering 

Mode 


NORM 


Coupling 


AC 


Source 


Int 


Magnifier 


XI 


Tima/Div 


1 ms 


VarlMila 


Cal 


Horiz Plug-In (7B50) 


Lavel/Slope 


Midrange, positive slope 


Position 


Centered 


Display Mode 


Time Base 


Variable 


Centered 


Triggering 

Mode 


NORM 


Coupling 


AC 


Source 


Ini 


Magnifier 


XI 


Time/Div 


1 ms 


Variola 


Cal 



The following control settings end conrtections were changed to 
obtain waveform photographs. 

Left Vert (7A22) 

* Input OC 

Position Vertically canter display 

Apply 4 volts of 1 kHz calibrator to the * Input 

AHoriz (7B51) 

Triggering Mode P-P Auto 



B Horiz (7B50) 

Triggering Mode P-P Auto 



All voltages given on the diagrams are in volts. Waveforms shown are 
actual waveform photographs taken with a Tektronix Oscilloscope 
Camara System and Proiaetad Graticule. Readouts are simulated in 
largar-than-r>ormal type. Voltages arid waveforms on the diagrams 
(shown in blue) are not absolute erxl may vary between instruments 
because of differing component tolarancas. internal calibration or 
front-panel control settings. 



NOTE 

The spring tension of the pin sockets Insures a good 
connection between the circuit board and the pin. 
This vring tension can be destroyed by using the pin 
sockets as e connection point for sprirrg-loadcd probe 
tips, alligator clips, etc. 
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SECTION 7 
DIAGRAMS 
and 

MECHANICAL PARTS ILLUSTRATIONS 



The following special symbols are used on the diagrams: 




Screwdriver adjustment. 



Front- or rear-panel control or connector. 




Refers to the indicated diagram. 




connecting pin with an end-lead pin connector. 
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R20< 

-A f// 



f- vv 



-■enncAL iMT(RfA,cc eoARO 



RePtRtNCt o!^**^*^ »_ 
^ MAIM IMTCRPACe 
^ VCRTICAL AMPLIPICR 
^ CONTROLS C CA6UM& 
^ SCQU6NCIN6i LOSIC 



VERTICAL INTEHEACe ^ 









K'COMPCNSikTION e JO 

INHIBIT 



• HOR^ZOHTXU 
&VO.MAV. 



+\bV-^— 

FKOM 

+ HORVZCmTA\- 



X ’ COMPCN$ATlOM BiO 

I NHIBIT 



"/-i 



-V«rt<\ZOHTA\, 

£>t^HA\. 




PAPriAu MA1W iN’tRPACC 9&ARC<^ ^ 

<^M0«i20HTAL IWTtPCONNELT BOARD 



PARTIAL MAIN INT£RPaC£ 

BOP^RO ^ 



A OtLAY 
O/SABLC 



S50 

OUT IN 



R50-$l 

NC 




L 91 

l.COb^H 



U A1 



LS4 

3 - 7 SmH 







\ 


/ifc* 


CS5 

90-400 . 


XVGA 



HORIZONTAL COMMAND 
SWITCH OFF FROM 
PiT - 7 ^ 



0i9PLAV a COMMAND 

FROM I 



HORIZONTAL 
CHAMNCL SWITCH 



R 3 BT 

.* 2.7 ?AO 



ipJ^4 




-► - HORIZONTAL 
&^CNAL TO 9\H J^y 



Jl.STR 



IOJ34 



-0.4 U4 5 Jtl -0-7 M 



^001 

30 K 



^P3fe9 «,7i C37i 
»i.e2K 5 ok 




-♦ TH0R\70HTA\. 
S\CHAL TO PVH JFyc 



j (TP) 

] (TP) 
OH t 



-I5V 

HORIZONTAL iNTtRFACt BOABO 



LA* 

S.TSi^H 



KAO-9Z0 ah' 



VOLTAGIS unMf COAOrliOfH yvtw 

fccapi m icH^wi 



a HOAIZ H«| •ei rvfyrrvi 



RErtHENCt Oi*aiftAMS_ 

^ MAIN INTERFACE 

<|> LOGIC CIRCUIT 
^ HORIIONTAU AMPLIFIER 



e DELAY 
DISABLE 



S70 

OUT IN 



LTl 



L01 

t.bOS^ 



6C75 

>0-400 



MOTE : 

SEE PARTS LIST FOR 
SEMICONDUCTOR TYPES 



LSA 



KSO-SEO SF' 



-X-Y DELAY COMPENSATION 0OAHO 



770A- 



HORIZONTAL INT£RFACE<|>oi’70 







H % A M O 




M 6Rh 
' SO 






r«ows i*iH t-A^ 



l^uu OUT 



A ^A'T V 



S Turns 



b C*.AT^ 

PV.OM Pm H. 



-♦ -%bV 

FRPM^ 



t CAM Switches are SmOwn 

tH CCW PCSITION, S IMDICATES 
CAM OPERATCO SWITCH CUOSURE. 

a. « AUL UNUSED PINS CONNECTEO 
TO <^ROUHO-l, 



C W 40V 



LOW - VOLTA3C RCOULATOR 



• • 
• • 


— 


{ 


• 






m 


_ 




_ 











□ 


T 


1 




OUTPUT SIGMAUS ^ 



CAUIBPATOR <%> 

VRS 

OXTO 










7704 



CRT CIRCUIT <^o*?o 






<$> 



+ 



^ VtATiCAL AM*U*IL« 

^ HOftIZONTAl, AMPUF»Ctl 
^ OUTPUT «l4NAit i CacOPATOH 
^ «*T CtACWtT 

^ klMi TO OC CONV(«rtV"^^UL ATOP 
^ CONTROLS ( CAOLINO 



MOTlti 

t. SCI PARTS UST POP 
SIMICOMOUCTOR TTPl i. 

7. StP A«c A T t * aouno s rs 1 1 m . 





7704 





Off 



CR1040 



FtOAO 
% A 






r 

Tl± 



-w— I 



-<\p- 



3,-< 



e.ROUMD N&AR PRIORI 






l^tKT l-T-l 



%OUACb SWITCH 
^OARO 



FROM PIN avj 
FROM P'W qp ^ 



TO PIN AF ^ 

AROUVIO FROM o 
OROUNO TO PIN A1 ^ 




TO PIN AK< 
TO PIN Cl. < 



TO Pm P 



+ 16V PROM 
RtMOTt RtitT TO PIN J 
OROUMO FROM 



•V \^V FROM ^ 



♦ %V FROM< 



&ROONO FR0M<1^ 
FROM<f^ 



N 1 ^ / 




1 S / / 


^ 1 


\ ■ 55 


7 

^ 1 









CAMRRj 

TOWb.R 



CRT 



CiO&s 4= 




\ 




X, 




\ 


\ 






> fev 


\ 


Cl06^ 4 /• 


W 







PROOtPOWtHl RtMOTt 
JI07S 



N *'^V 









FR&M Pi*4 O 

r^&AOV (A) . 
pm A<* ^ 



etWOTt Rt^%.T 
TO pm K 



<s> 



F 



%OUlCfe 



lltPT Moot Kt 



\-tFT 

VtRT 



>I6HT L. 
VtRT ' 



t 



-I 

-(l 






4> 



PIOU-R IS 



A TR\CC.tR 
^OURCt SWITCH 
^OAR O 



TO PIN AV 
TO PIN Cfe 



RLFLRfcNCt, DlACRAH-b 

<$> MAPN iWTLfVFACt 

S MAm mTLBPAC^ 

UOO»C CIRCUIT 

f TRkOOLR SLLI.CTOR 

COW - VOUTA OL LATO A 

DATA COLLtCTlON 



V4TtWVT\ 



7*704 




VtRTjCAu Moot 
^wncv- 




A&AOOUT INT^NblTV 
OUTPUT TOPmMW ^ 

CUAHH^V SWITCH opt* 
COMMAHO TO 

MOf^NZOHTAV. CHAHn^V. OW 



z A%\% LOGiC orp 

COnMANO TO ^\T-» 







TlMt“^LOT 

OUT 



<g> 



Sn* J Iw* 



MAIN INTkR^ACL 
L041C ClRtW'T 
VERTICAL mT6.ArAC.k 
MO 0 iZOt^tAL. <NTb A^ACt 
CRT CIRCUIT 
CONTROLS ^ CABLING 
OAT* COi.LCCT>OM 

CHARACTLA CCU^QATOR^ 4 OUTRUT 



® 



SLQUtNClNG LOGIC <f|> 



■ 7 TO -4 









7 7 0-4- 



I. C« COLUMM OATA 

a. R* ROW 0»»«TAU DATA 
9.TS»TlK4e SLOT PUl_Se 



WORO TRIGACR 
TROM U^227P Pl>4 4 



CII90 

rOOl 



. DISPUAV - SKIP 



/V 


HI ^ 

-1.2 15 


^ HI i9oi 

♦ 0.0 >^30kJ 


B-fc-P— 


MiP» 40.7* * 
2PK >^-i5V 







PARTIAL RKADOUX SV^TEK^ BOARD 



<^MAIN IKJTERFACE 
^CONTROLS ( CABLING 
<^SEQLieNClNO LOSIC 

<^CHARACTCR SESJERATORS $ PUTPLIT 



0270 

VRS 



COUUECTIOKl <@> 



DATA 




IL L 


























o 






<D 







•• • • « 


- 




«ccou*cto 




ftO<«V 




• 


ACCO^tO 


- 


ftOnV 


*9*^ 


_ 


>»4A 


ACCOUKCO 




Mmv 


’««8 




• «*ig9 



/^. IQ»«V 



— - •v 




*ccou»tio 




' aorf 

• •‘r4- *r-T “ 

.1 -P . 4 . , 4 ... 

f J. J Jf 





A’ No connection 






B' Shield for C 



E' Orn on bik 

G' Shield for H 

H' BIk on wht 
(coax) 



NOTE: C4,C5.C10,C11 
Cl 2, C42 mounted on rear 
of board. 



4-28 



4-29 



























Maintenance— 7704 



TP 

165 




LOGIC 



R112 



f-'RIII 

R110M?, 



<ET «^R114 



C137 / 

MU36d» / 

^RI36V^ /, 

4jC13^ -^fviL 

otiO / ' 

’tElUISO) le.r p)l 



n c^R113 



CR175ia 



^ #UR173t 
R180 «Ai . 



R168-» ' 

v»(R152_*^ 

.C163«. 



<T^R167 



^^15V 



R141 



U170 



Q168 



<0182 



:r»^192‘^Of CO 

R176-#., 

I 

■ J - Tjiw'Ci^L; « 

”LRi90,t %r ' gS^-olSJ X 

1»t. R195 »<P» gjg 
Ok rCR183$. 

V-ai2i,V • i 

4-R198-%-Jl. 



R142 



U120 



U150 



U180 

L («0W 



U190 



V f 

EF (o '^AI^R149 W 



4MR17 



0146 



4FOITV196 



R161 



•/r'R160 



’mVR148 4< 



i*-R144 



CR177^ 



Fig. 4-11. Logic circuit board. TP TP 

GND 190 




Maintenance— 7704 




TP TP 
322 -13 



TP TP 
346 342 



Fig. 4-12. Trigger Seltelor circuit board. 




R282 













VERT. SWITCHING & PWR 




R234 

^CR234‘ 
R232> 

BA 



Fig. 4-14. V*rti««l Switching end Power circuit board. 



TP TP TP 
-rlS +60 



TOP 





NT 



'C470-L470 
VS46Z^y ^ 



5 5lS®42fF* 




R47S|k!o||- 

R476|S$) 
HT4721® 
'^RT480 
tt ^7fi TlC479» 
^,(cfV^%^*W R479l 

C471L47iT 



NOTE: R404. R406. L480 mount- 
•d on roar of board, 



(ii III & 

A' ® 

TP TP TP TP 

4-15 -IS GND 452 

Fi(. 4-1S. Vartica( Output circuit board. 




To base 
' 0480 

To emitter 
- 0480 

(solderadi 



To emitter 
0482 
(solderedi 

To base 
0482 





TP TP 

'•■15 GND 



Fig. 4-16. X-Y Oalay Companiation circuit board (optional). 




‘L682 









“"TlHR658|i^ 

1 V......#^652h— 1 

I RAIMUTT* MVWn^ 




Fig, 4-20. Calibration circuit 



R650' 








b'0/|) 












918 mounted 
i chesit 



Q938 mounted 
on chesea 







Q966 mounted 
on cheesit 






% 



>R932j^ 



Q939 mounted . 
on ehn*<i 




rxc92sj 

♦ R923H& I 



feR948H id 

IR9540 V 



|^4 CR9^i j 
^R952^' ^ 

0H«W9«I&, 



♦VR927^ 



<t ^R963# 



4tK^- 

+ 



S^^906^ j-|W 



low VOLTAGt REGULATOR 

r ^TOGSIGOO^V o 



Q998 mounted 
on chassis 



^a^RRORR^ 

r 1££?0 jSj9123^ 1 

«^913J%). + ^CR97 2^.^ # | 

?«»' •CR914t’^a^^®i^R9j8^V '^f*Ls22J^/X 



8 4lfe.,g?'^''S^CW2y / »■— Q972 mounted 

'VR982»HMLp;^BI SiW»R97liallf^ )■ on chassis 

1 






-^TW 



1 #llC91^rife^R914^ 




]^R964i« I 



^R9^J 



5 cR 964\^ \ 

■JCR^^, -J2 

lR96«J«i?i-S*7 + 




CR96V 



Fig. 4-22. Low Voltage Regulator circuit board. 



0974 mounted 
on chassis 




'NJ' Orn-wht on 
gry (toWorad) 




NK Rad-wht on 
lioldafad) 



NM Rad on gry 
IsolderedI 



LINE INPUT 



rrT»i:i|^ 



'NH Yal on gry 
Isoldarad) 



'NG Blk-yal on 
gry (soldaradi 



NF Wht on gry 
(soldaradi 



{33TQ 








TP TP 
1215 11» 



RFADOUT SYSTPM 
H i/i' CC' 0 & 2 S • 

N. N. N, N. N, N^.N . 

W ' 



670 0M5 f>0 







I’ O' lt iu’’0 O'TS/ 4CR112' i< •N,0;»X;i5|<> 0*H 

V 1 . CR1117>**7' •R1112C! ^~aR1111=“ 
r^«W*RWW= *"'cR1118^o^Rlil3p'vT>Ri”6.' 

«CR1122^/ «.R1117ty5 C}.R1121^- 



• «.Riii7tys e}.Rii2i • 
R1118ST/£R1126* 

(t- '>CR1127-^.feR1122r)f RIlfWaiA. 

t^.^Sn?CR1128«Rii23‘'T •' 



° UICR1123' 



.R1146- 






■'• •■•^cii4i; 



CR115S 
CR1207O 



IQ115S 



T6Si_ 5^^“;C ‘-Vsia 






8^ 

o”43 

2 — iP TP 
= V*t^-15 
Q11S2^Mfatf y TP 
•V 1130 



1150! 






*--RJ28^ 
«ri-Ri2M=^ 

V » RIMO-^ 

\ '. 

V *- R1286=i» 

^ R1281-1P' 

•'^e-R1288 ^® 
ITRR I 



FIfl. 4-26. Rtadout Systtm circuit board. 





Fig. & 

Index Tektronix Serial/Model No. 

No. Part No. Eff Disc 



6-1 012-0087-00 

-2 012-0092-00 

-3 103-0013-00 

-4 134-0049-00 

070-0981-00 



3 






Q 



t 

y 12 3 4 5 



Description 



2 PATCH CORD, BNC-BNC, 18 inches long 
1 JACK, BNC-post 

1 ADA^ER, power cord, 3 wire to 2 wire 

1 PLUG, 9 pin, w/mole insert 

2 MANUAL, instruction (not shown) 




OPTION I 

without READOUT Circuit Boord Assembly 




Fig. & 



Q 



Index Tektronix Seriol/Model No. t 

No. Port No. Eft Disc y 12345 



Description 



1 200-1066 -00 1 COVER, readout board pins 

2 211-0012-00 2 SCREW, 4-40 X 0.375 inch, PHS 

STANDARD ACCESSORIES some os 7704 

OPTION 2 

X-Y Delay Compensation Network 




1 670-0627-00 



388-1158-00 

2 129-0024-00 

3 136-02634)3 

4 136-0337-00 

5 2600723-00 

6 361-0238-00 

7 211-01554)0 

8 2144)579-00 



1 ASSEMBLY, circuit boord— X Y DELAY COMP 
assembly includes: 

1 BOARD, circuit 

4 POST, connecting 

1 1 SOCKET, terminol pin 

3 SOCKET, reloy, 8 pin 

2 SWITCH, slide 

2 SPACER, sleeve 

2 SCREW, 4-40 x 0.375 inch, PHS 

2 PIN, test point 

STANDARD ACCESSORIES some os 7704 



OPTION 3 

Electromagnetic Interference (EMI) 




Fig. 8 
Index 
No. 


Tektronix 
Part No. 


Seriol/Model No. 
Eff Disc 


Q 

f 

y 


Description 

1 ? 3 4 s 


1 


390-0123-00 




2 


CABINET SIDE 








. 


each cabinet includes; 


2 


214-0603-01 




6 


PIN, securing 


3 


214-0604-00 




6 


SPRING 


4 


386-1634-00 




6 


PLATE, index, plastic 


5 


386-1633-00 




6 


PLATE, locking 


6 


348-0210-00 




2 


SHIELDING GASKET, 10.887 inches long 


7 


348-0209-00 




2 


SHIELDING GASKET, 4.359 inches long 


8 


348-021 1 -00 




4 


SHIELDING GASKET, 9.322 inches long 


9 


390-0122-00 




1 


CABINET BOnOM 










cobinet bottom includes; 


10 


214-0603-00 




8 


PIN, securing 


11 


214-0604-00 




8 


SPRING 


12 


386-1634-00 




8 


PLATE, index, plastic 


13 


386-1633-00 




8 


PLATE, locking 


14 


348-0212-00 




6 


SHIELDING GASKET, 9.100 inches long 




378-0603-00 




1 


FILTER, mesh, CRT (not shown) 




348-0218-00 




2 


SHIELDING GASKET, 9.900 inches long (not shown) 




348-0221 -00 




2 


SHIELDING GASKET, 10.400 inches long (not shown) 



STANDARD ACCESSORIES same as 7704 — olso includes: 



1 FILTER, light, CRT (not shown) 

1 FRAME, mosk, plostic (not shown) 



378-0625-00 

426-0514-00 




6- 0654)1 234X) 



I ASSEMBLY, corton 



-1 


0044)2464>0 


2 


ossembly includes: 
END CAP, plastic 


-2 


0044)6S74)0 


1 


CARTON, accessory 


•3 


004-1061-00 


I 


PAD SET, 3 piece 


-4 


0044)751-00 


1 


CARTON 



7704 OSCILLOSCOPE 






RGURE AND INDEX NUMBERS 



Items in this section ore referenced by figure and index numben to the illustrations which 
appear either on the bock of the diogroms or on pullout pages immediately following the 
diagrams of the instruction manual. 



INDENTATION SYSTEM 

This mechonicol ports list is indented to irxlicate item relotionships. Following is on 
example of the indentation system used in the Description column. 

Assembly ond/or Component 
Oetoif Port of Assembly and/or Component 
mounting hordwore lor Dolail Port 
Ports of Detoil Port 

mounting hardware for Ports of Detoll Port 
mounting hardware for Auombly ond/or Component 

Mounting hordwore olwoys oppeors in the same indentation os the item it mounts, 
while the detoil parts are indented to the right. Indented items are part of, and included 
with, the next higher indentation. 

Mounting hardware rmisl be purchased separately, unless otherwise specified. 



PARTS ORDERING INFORMATION 

Replacement ports ore avoiloble from or through your local Tektronix, Irtc Reid Office 
or representative. 

Changes to Tektronix instruments ore sometimes mode to occommodote improved 
components os they become ovoiloble, orsd to give you the bertefit of the latest circuit 
improvements developed in our engirteering department. It is therefore important, when 
ordering ports, to ifKlude the followirtg information in your order; Port number, instru- 
ment type or number, serlol or model number, and modification number if opplicoble. 

If 0 port you hove ordered has been replaced with o new or improved port, your 
local Tektronix, Inc. Field Office or representative will contact you concerning any change 
in port number. 

Change informotion, if ony, is locoted at the rear of this manual. 



ABBREVIATIONS AND SYMBOLS 



For an explanation of the obbreviotions and symbols used in this section, please refer 
to the page immediately preceding the Electrical Parts List in this irutruction manual. 




7704 

SECTION 8 

MECHANICAL PARTS LIST 

FIGURE 1 FRONT 



Fig. & O 

Index Tektronix Serial/Model No. t Description 

No. Port No. Eff Disc y i j j « s 



M 364-1146^ 1 KNOB, groy— FOCUS 

knob includes: 

213-0153-00 1 SETSCREW, 5-40 X 0.125 inch, HSS 

•2 365-1025-01 1 KNOB, charcoal— INTENSITY A 

knob includes: 

21 3-01 53-00 2 SETSCREW, 5-40 x 0.1 25 inch, HSS 

-3 1 RESISTOR, vorioble 

mounting hardware; (not included w/resistor) 

210-0012-00 1 WASHER, lock, internal, 0.375 ID x 0.500 inch OO (not shown) 

-4 210-0590-00 1 NUT, hex., 0.375-32 X 0.438 inch 

-5 366-1122-00 1 KNOB, groy— BEAM FINDER 

knob includes: 

21 3-01 53-00 1 SETSCREW, 5-40 x 0.1 25 inch, HSS 

-6 366-1120-00 1 KNOB, chorcool— INTENSITY B 

• knob includes: 

213-0153-00 2 SETSCREW. 5-40x0.125 inch, HSS 

-7 1 RESISTOR, variable 

mounting hordwore; (not included w/resistor) 

-8 210;0590-00 1 NUT, hex., 0.375-32 X 0.43B inch 

-9 366-1163-00 1 KNOB, gray— CONTROL ILLUM 

knob includes: 

213-0153-00 1 SETSCREW, 5-40 x 0.125 inch, HSS 

-10 366-1164-00 1 KNOB, charcoal— READOUT 

knob includes: 

213-0153-00 1 SETSCREW, 5-40 X 0.125 inch, HSS 

-11 260-1084-00 1 SWITCH, unwired— READOUT 

- mounting hordwore; (not included w/switch) 

-12 210-0590-00 1 NUT, hex., 0.375-32 X 0.438 inch 

-13 366-1190-00 1 KNOB, chorcool— GRAT ILLUM 

- knob includes: 

213-0153-00 1 SETSCREW, 5-40 x 0.125 inch, HSS 

■ 14 1 RESISTOR, variable 

• mounting hardware: (not included w/resistor) 

210-0046-00 1 WASHER, lock, internal, 0.261 ID x 0.400 inch OD 

-15 210-0583-00 2 NUT, hex., 0.250-32 x 0.312 inch 

•16 366-0392-02 1 KNOB, charcoal— VERT TRACE SEPARATION (6) 

-17 1 RESISTOR, voriable 

mounting hordwore: (not irKluded w/resistor) 

213-0020-00 1 SETSCREW, 6-32 x 0.125 inch, HSS (not shown) 



8-1 




Mechanical Parts list — 7704 



FIGURE 1 FRONT (cont) 

Fig. & Q 

Index Tektronix Serial/Model No. t Description 

No. Port No. Eff Disc y i ? > 4 s 

1-18 364-1 163-00 1 KNOB, groy— RATE 





213-0153-00 


1 


-19 


366-1165-00 


1 




213-0153-00 


2 


-20 


670-0633-00 


1 




388-1164-00 


1 


-21 


131-0589-00 


11 


-22 


214-0579-00 


6 


-23 


131-06044X) 


11 


-24 


136-0220-00 


7 


-25 


136-0237-00 


1 


-26 


354-0219-00 


2 


-27 


407-0714-00 


2 


-28 


131-0840-00 


1 


-29 


401-0053-00 


1 


-30 


211-0116-00 


2 


-31 


401-0061-00 


2 


-32 


211-0116-00 


2 




210-0591-00 


2 


-33 


401-0058-00 


1 




211-0116-00 


2 


-34 


214-1127-00 


2 


-35 


214-11264X)’ 


. 




214-1126-01> 


. 




214-1126-02’ 




-36 


105-0120-00 


1 


-37 


105-0118-00 


1 




213-0075-00 


2 


■38 


200-1033-00 


1 


-39 


211-0079-00 


2 




210-0001-00 


2 




210-0405-00 


1 


■40 


200-1032-00 


1 


-41 


211-0079-00 


2 




210-0001-00 


2 




210-0405-00 


1 


-42 


384-0197-00 


1 


-43 


211-0116-00 


1 


-44 


210-0590-00 


1 



knob includes: 

SETSCREW, 5-40 x 0.12b inch, HSS 
KNOB, chorcool— CALIBRATOR 
knob includes: 

SETSCREW, 5-40 x 0.125 inch, HSS 
ASSEMBLY, circuit boord— CALIBRATOR 
assembly includes: 

BOARD, circuit 

TERMINAL, |»n, 0.500 inch long 
PIN, test point 
CONTACT-POST ASSEMBLY 
SOCKET, transistor, 3 pin, square 
SOCKET, integrated circuit, 8 pin 
RING, retaining 
BRACKET 

CONTACT, electricol, grounding 
BEARING, front 

mounting hordwore: (not included w/beoring) 

SCREW, sems, 4-40x0.312 inch, PHB 

BEARING, rear 

mounting hardware for each: (not included w/bearing) 
SCREW, sems, 4-40x0.312 inch, PHB 
NUT, hex., 4-40x0.187 inch 

BEARING, front 

mounting hardware: (not included w/bearing) 

SCREW, sems, 4-40x0.312 inch, PHB 

ROLLER, detent 
SPRING, flat, gold 
SPRING, flat, green 
SPRING, Flat, red 
DRUM, com (CALIBRATOR) 

DRUM, com (MODE) 
drum includes; 

SETSCREW, 4-40 X 0.093 inch, HSS 
COVER, com switch (CALIBRATOR) 
mounting hordwore: (not included w/cover) 

SCREW, 2-56 X 0.188 inch, PHS 
WASHER, lock, internal, #2 
NUT, hex., 2-56x0.187 inch 

COVER, cam switch (MODE) 

mounting hordwore: (not included w/cover) 

SCREW, 2-56 X 0.188 inch. PHS 
WASHER, lock, internal. #2 
NUT, hex., 2-56 x 0.187 inch 

ROD, extension 

mounting hordwore: (not included w/ossembly) 

SCREW, sems. 4-40x0.312 inch, PH8 
NUT, hex., 0.375-32 x 0.438 inch 
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M«<hanical Parts List — 7704 



FIGURE 1 FRONT (cent) 



Fig. & 
Index 
No. 


Tektronix 
Part No. 


Serial/Model 

Eff 


No. 

Disc 


Q 

t 

y 


1-45 


260-1102-00 






1 


-46 


354-0055-00 






1 




210-0902-00 






1 




210-0021-00 






2 




210-0229-00 






1 




210-0414-00 






1 


-47 


210-0473-00 






1 



-48 




2 




210-0471-00 


1 


-49 


210-1026-00 


1 


•50 


358-0377-00 


1 



-51 


670-0821-00 


1 


-52 


131-0592-00 


5 


-53 


131-0767-00 


5 




380-0154-00 


1 




213-0181-00 


1 


•54 


352-01954X) 


1 






’ 1 


-55 


211-0022-00 


• 2 



•56 


670-0792-00 


1 


•57 


131-0592-00 


5 


•58 


131-0787-00 


5 




380-0154-00 


1 




213-0181-00 


1 


•59 


352-0195-00 


1 




386-1731-00 


1 


-60 


211-0022-00 


2 



•61 


670-0790-00 


1 




352-0174-00 


4 


•62 


131-0592-00 


8 


•63 


131-0787-00 


12 


•64 


337-1 1564J0 


1 


•65 


366-1109-06 


1 


•66 


366-1109-02 


1 


-67 


366-1109-04 


1 


•68 


366-1109-07 


1 


-69 


380-0168-00 


1 


•70 


211-0125«1 


3 


•71 


211-0511-00 


2 


-72 


407-0700-00 


1 






OescripHon 



SWITCH, toggle— POWER 

mounting hardware: (not included w/switch| 

RING, locking 

WASHER, flot, 0.470 ID x 0.«S6 inch OO 
WASHER, lock, inlernol, 0.476 ID x 0.600 inch OD 
LUG, solder 

NUT, hex., 0.468-32 x 0.562 inch 
NUT, 12 sided, 0.469-32 x 0.634 inch 



RESISTOR, variable 

mounting hardware for eoch: (not included w/resistor) 
NUT, hex., 0.250-32x0.312 inch 
WASHER, lock, external, 0.250 irKh ID 
BUSHING, hex., 0.275 inch long 



ASSEMBLY, drcutf board— 8 TRIG SOURCE 
assembly includes: 

TERMINAL, pin, 0.885 inch long 
TERMINAL, pin, 0.640 inch long 
HOUSING, light 

mounting hardware: (not included w/housing) 
SCREW, threod forming, #2 x 0.375 inch, PHS 
mounting hordwore: (r>ot included w/ossembly] 
HOLDER, plastic 

cr'cntgnm^ (rtoi‘‘snovtn| 

SCREW, 2-56 x 0.188 inch, RHS 



ASSEMBLY, circuit board— A TRIG SOURCE 
assembly includes: 

TERMINAL, pin, 0.885 irfch long 
TERMINAL, pin, 0.640 inch long 
HOUSING, light 

mounting hardware: (not included w/housing) 
SCREW, thread forming, #2 x 0.375 inch, PHS 
mounting hordwore: (not included w/ossembly) 
HOLDER, plastic 
PLATE, oligning (not shown) 

SCREW, 2-56 X 0.188 inch, RHS 



ASSEMBLY, circuit boord— HORtZ MODE 
assembly includes: 

HOLDER, lamp (net shown) 

TERMINAL, pin, 0.885 inch long 
TERMINAL, pin, 0.640 ir>ch long 
SHIELD, electrical 
PUSHBUnON— A 
PUSHBUnON— ALT 
PUSHBUnON— CHOP 
PUSHBUnON— 8 
HOUSING, front, plostic 
mounting hardware: (not included w/housing) 
SCREW. 1-72 X 0.250 inch. PHS 
mounting hardware: (not included w/assembly) 
SCREW. 6-32x0.500 inch. PHS 
BRACKET, switch 



Maehanieal Parts List — 7704 



FIGURE 1 FRONT (cent) 



Fig. & 
Indax 
No. 


Takironix 
Port No. 


Sariol/Model No. 
Eff Disc 


Q 

t 

y 


Description 

1 2 ) « S 


1.73 


670-0791 -00 




1 


ASSEMBLY, circuit boord — VERT MODE 








. 


assembly includes: 




352-0174.00 




5 


HOLDER, lamp (not shown) 


•74 


131-0592-00 




7 


TERMINAL, pin, 0.885 inch long 


•75 


131-0787-00 




10 


TERMINAL, pin, 0.640 inch long 


■U 


337-1 156-00 




1 


SHIELD, electrical 


■77 


366.1109.01 




1 


PUSHBUnON— LEFT 


■78 


366-1 109-02 




1 


PUSHBUTTON— ALT 


■79 


366-1109.03 




1 


PUSHBUTTON— ADD 


■80 


366-1 109.04 




1 


PUSHBUnON— CHOP 


■81 


366-110905 




1 


PUSHBUTTON— RIGHT 


•82 


3800147-00 




1 


HOUSING, front, plastic 








. 


mounting hordware: (not included w/housing) 




2110125-00 




3 


SCREVY, 1-72 X 0.250 inch, PHS 








. 


mounting hordware: (not included w/assembly) 


■83 


211051100 




2 


SCREW, 6-32 X 0.500 inch, PHS 


-84 


4070701 -00 




1 


BRACKET, switch 


-85 


200098400 




1 


BEZEL, plastic (5 button switch] 


-86 


200-0983-00 




1 


BEZEL, plastic (4 button switch) 


■87 


1190199-00 




1 


CURRENT LOOP 








. 


mounting hordware; (not included w/current loop) 


-88 


2100457-00 




1 


NUT, keps, 6-32x0.312 inch 


-89 


670-0702-00 




1 


ASSEMBLY, circuit boord— GRATICULE UGHT 








. 


assembly includes: 




3880274-00 




1 


BOARD, circuit 


•90 


378061400 




1 


REFLEaOR, light 








. 


mounting hardware: {not included w/reflector) 


•91 


211-0062-00 




2 


SCREW, 2-56x0.312 inch, RHS 


•92 


344-017900 




2 


CLIP, reflector 


•93 


3580377-00 




2 


BUSHING 


■94 


378-063501 




1 


LENS, indicator light (A) 


■95 


378-0635-02 




1 


LENS, indicator light (B) 


•96 


352015700 




2 


HOLDER, neon 


•97 


331-0262-00 




2 


DIFFUSER, light 


•98 


200-0935-00 




2 


CAP, neon, plastic 




129-0053-00 




1 


ASSEMBLY, binding post 








. 


assembly includes: 


■99 


2000103-00 




1 


CAP, binding post 


• 100 


3550507-00 




1 


STEM, binding post 




210-004600 




1 


WASHER, lock, intamol, 0.261 ID x 0.400 inch, OO 


■101 


210-045500 




1 


NUT, hex., 0.250-28 x 0.375 inch 


■102 


348-0216-00 




1 


SHIELDING GASKET, electrical 


■103 


333-1267-00 




1 


PANEL, front 


■ 104 


426-0442-01 




1 


FRAME-PANEL, cobinet, front 








• 


frame-panel includes: 


•105 


386-1517-00 




4 


SUPPORT, CRT, front 




3540345-00 




1 


RING, ornamental 


■106 


105-0151-00 




2 


CATCH, ponel 








. 


mounting hardware for each: (not included w/cotch] 




343-0248-00 




1 


RETAINER, ponel catch 


•107 


213-011900 




1 


SCREW, threod forming, 4-40 x 0.375 inch, PHS 
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Mechanical Parts Ust — 7704 



FIGURE 1 FRONT (cont) 

Fig. & Q 

Index Tektronix Serial/Model No. t Description 

No. Port No. Eff Disc y i 3 j « 5 



M08 131-0818-00 1 

-109 351-0202-00 * 



21 1 -0038-00 2 

-110 348-0204-00 2 

-111 386-1518-00 1 



-112 210-0457-00 2 

-113 211-0559-00 2 

-114 348-0031-00 2 

-115 426-0514-00 1 

-116 378-0625-00 1 

-117 331-0258-00 1 

-118 200-0939-01 1 



-119 212-0023-00 4 

-120 337-1159-00 1 

-121 204-0380-00 1 

-122 131-0765-00 3 

-123 331-0245-00 1 

-124 337-1150-01 1 

-125 1 31-08074X) 1 



-126 211-0590-00 1 

-127 210-0202-00 1 

•128 210-0457-00 1 

-129 1 



-130 343-0217-00 1 

-131 213-0138-00 2 

-132 348-0055-00 2 

-133 354-0347-00 1 



214-1333-00 2 

-134 211-01704)0 2 

-135 407-0610-00 1 

-136 343-02054)0 1 



-137 210-0949-00 4 

-138 211-0507-00 4 



-139 200-0745-00 1 

-140 352-0169-00 1 

-141 134-0119-00 3 



CONNECTOR, receptocle, BNC, w/hordware 
GUIDE, plug-in, upper 

mounting hardware for each: (not included w/guide) 
SCREW, 4-40x0,312 inch, 100® csk, FHS 



SHIELDING GASKET, electrical, 10.632 inches long 
SUPPORT, chassis 

mounting hardware: (not included w/support) 

NUT, keps, 6-32x0.312 inch 
SCREW, 4-40x0.312 inch, 100® csk, FHS 



GROMMET, plastic, 0.093 inch diameter 

FRAME, mask, plastic 

FILTER, light, CRT 

MASK, CRT 

BEZEL, CRT 

mounting hordwore: (not included w/bezel) 
SCREW, 8-32 X 0.375 inch, PHS 



SHIELD, implosion 
BODY, terminal, plastic 
TERMINAL, feed-thru 
MASK, CRT 
SHIELD, CRT 

CONTACT, CRT grounding 

mounting hardware: (not included w/contact) 

SCREW, 6-32 X 0.250 inch, PHS 

LUG. solder, SE #6 

NUT, keps, 6-32x0.312 inch 



COIL 

mounting hardware: (not included w/coil) 
CLAMP 

SCREW, thread forming, 4-40 x 0.187 inch, PHS 



GROMMET, plastic, 0.250 inch diameter 
RING, clamp, CRT 

mounting hordwore; (not included w/ring) 
SPRING, helicol compression (not shown) 
SCREW, 4-40 X 2.750 inches, PHS 



BRACKET, CRT shield 
RETAINER. CRT 

mounting hardware; (not included w/retoiner) 
WASHER, flat, 0.046 ID x 0.500 inch OD 
SCREW, 6-32x0.312 inch, PHS 



COVER, resistor, plostic 
HOLDER, terminol connector, 2 wire 
PLUG, hole, plastic 
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Mcchanicdl Parts Utl — 7704 



FIGURE 2 PI-HSG, Dl, HORIZ OUT. & MAIN INTERFACE 



Fig. & Q 



Index 

No. 


Tektronix 
Port No. 


Serial/Model 

Eff 


No. 

Disc 


f 

y 


2-1 


380-0146-00 






1 


-2 


351-0181-00 






4 


-3 


213-0104-00 






1 




213-0229-00 






1 


-4 


214-1179-00 






1 


-5 


210-0457-00 






2 


-6 


343-0008-00 






1 




211-0538-00 






1 


-7 


210-0863-00 






1 


-8 


210-0457-00 






1 


-9 


343-0042-00 






1 


•10 


211-0538-00 






1 


-11 


210-0863-00 






1 


-12 


210-0202-00 






1 


-13 


211-0541-00 






1 


-14 


210-0457-00 






1 


-15 


407-0873-00 






1 


-16 


211-0538-00 






3 


-17 


210-0202-00 






1 


-18 


210-0457-00 






3 


•19 


407-0679-00 






1 


•20 


211-0507-00 






2 


•21 


210-0457-00 






2 


•22 


407-0704-00 






1 


•23 


211-0507-00 






2 


•24 


162-0579-00 






ft 



I 2 ] « S 



Dascription 



HOUSING, plug-in 
GUIDE, plug-in 

mounting hordwore for ooch: (not included w/guide) 
SCREW, thread forming, 6-32 x 0.375 inch, THS 
SCREW, threod forming, #6 x 0.375 inch, FHS (not shown) 



BRACKET, hinge pin 

mounting hardware: (not included w/bracket| 
NUT. keps, 6-32x0.312 inch 



CLAMP, cable, plostic, 0.750 inch diameter 
mounting hardware: (not included w/clamp) 

SCREW, 6-32x0.312 inch, 100* csk, FHS 
WASHER, 0 shape, 0.191 ID xO.515 xO.515 inch long 
NUT, keps, 6-32x0.312 inch 



CLAMP, cable, half, plastic, 0.312 inch diometer 
mounting hardware: (not included w/ciomp) 

SCREW, thread forming, 5-32x0.187 inch, PHS 
WASHER. D shope, 0.191 ID x 0.515 x 0.51 5 inch long 



LUG. solder. SE *6 

mounting hardware: (not included w/lug) 
SCREW, 6-32 x 0.250 inch, 100* csk, FHS 
NUT, keps, 6-32x0,312 inch 



CHASSIS, horizontal 

mounting hardware: (not included w/chossis) 
SCREW, 6-32x0.312 inch, 100* csk, FHS 
LUG, solder, SE #6 
NUT, keps, 6-32x0.312 inch 



BRACKET, support 

mounting hardware: (not included w/brocket) 
SCREW, 6-32x0.312 inch, PHS 
NUT. keps, 6-32x0.312 inch 



BRACKET, angle 

mounting hardware: (rsot included w/bracket) 
SCREW, 6-32x0.312 inch. PHS 



INSULATING SLEEVE, spirol, 24 inches long 
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Mechanical Parts List — 7704 



Fig. & 
Index 
No. 


Tektronix 
Port No. 


FIGURE 2 P1-HSG, 01, HORIZ 

Q 

Seriol/Model No. t 

Eff Disc y 


2-25 


386-1556-00 


2 


-26 


131-0682-03 


12 


-27 


670-0807-00 


1 




388-1398-00 


1 


-28 


136-0183-00 


4 


•29 


13643220-00 


10 


-30 


1364)263433 


12 


-31 


2144)579-00 


7 


-32 


2144)6684)0 


2 


-33 


211-0155-00 


4 


•34 


361-0238-00 


4 




119-0214-00 


1 


-35 


200-09714)0 


1 


•36 


211-0504-00 


4 




213-0229-00 


4 


-37 


386-15534)0 


1 


•38 


211-0504-00 


1 


•39 


386-1552-00 


1 


•40 


129-0215-00 


2 


41 


200-09724)0 


1 


42 


211-05414)0 


2 


43 


211-0504-00 


2 




21W)457-00 


1 


-44 


407-0613-00 


1 


-45 


210-0586-00 


1 


46 


124-02294)0 


1 


-47 


131-0912-00 


1 


-48 


131-07074)0 


2 


-49 


352-0169-00 


1 


-50 


348-00674)0 


1 




211-0507-00 


3 


-51 


211-05384X1 


1 


-52 


210-0457-00 


1 


-53 


131-0800-00 


2 


-54 


21 1 •00054)0 


2 


-55 


343-0089-00 


1 



OUT. i MAIN INTERFACE (cent) 



Description 

> ; 3 < 5 



SUPPORT, circuit board 
TERMINAL, leed-thru, 0.890 inch long 
ASSEMBLY, circuit boord— HORIZONTAL OUTPUT 
assembly includes: 

BOARD, circuit 
SOCKET, transistor, 3 pin 
SOCKET, transistor, 3 pin, square 
SOCKET, pin terminal 
PIN, test point 
HEAT SINK, transistor 
SCREW, 4^x0.375 inch, knurled 
SPACER, sleeve 



ASSEMBLY, delay line 
ossembly includes: 

COVER, bottom 

mounting hordvrare: (not included w/cover) 

SCREW, 6-32 x 0.250 inch, PHS 

SCREW, threod forming, #6 x 0.375 inch, FHS (not shovrn) 
SUPPORT, front 

mounting hordware: [not included w/support) 

SCREW, 6-32 x 0.250 inch, PHS 

SUPPORT, rear 
POST, plostic 
COVER, top 

mounting hardvrare: (not included w/cover) 

SCREW, 6-32 x 0.250 inch, 100* csk, FHS 

SCREW. 6-32 X 0.250 inch, PHS 

NUT, keps, 6-32x0.312 irKh (not shown) 

BRACKET 

mounting hardware: (not included w/brocket) 

NUT, keps, 4-40 x 0.250 inch 

STRIP, trim 

ASSEMBLY, cooxiol connector 
assembly includes: 

CONNEaOR, terminal 
HOLDER, terminal connector, 2 wire 
GROMMET, plastic, 0.312 irtch diameter 
mounting hardware; (rtot included w/ossembly) 

SCREW, 6-32x0.312 irKh, PHS (not shown) 

SCREW. 6-32 x 0.375 inch, 100* csk, FHS 
NUT, keps, 6-32x0.312 

CONTACT, electrical, side 

mounting hardware for each: (not included w/contoct) 
SCREW, 4-40x0.125 inch, PHS 



CLAMP, coble, plastic, large 



M«chanical Parts Ust — 7704 



FIGURE 2 PI-HSG, DL, HORIZ OUT. & MAIN INTERFACE (cont) 



Fig. & Q 



Index 


Tektronix 


Serial/Model 


No. 


t 


No. 


Port No. 


Eff 


Disc 


y 


2-56 


131-0799-00 






2 


-57 


211-0008-00 






1 


-58 


2104)586-00 






1 





131-0799-00 


1 




211-0005-00 


1 


•59 


131-0801-00 


3 




211-0022-00 


2 




210-0001-00 


2 


-60 


210 0405-00 


2 



-61 


670-081 1 -00 


1 




388-1402-00 


1 




131-0589-00 


2 


-62 


1364)263-03 


16 


-63 


1364)350-00 


12 


-64 


2114)155-00 


2 


-65 


361-0238-00 


2 


-66 


337-02404)0 


1 


-67 


670-06254)0 


1 




388-11564)0 


1 


-68 


1364)220-00 


6 


-69 


1364)2604)1 


2 


-70 


1364)2634)3 


19 


-71 


214-05794)0 


13 


-72 


2114)1554)0 


2 


-73 


361-02384)0 


2 


-74 


670-0806-00 


1 




388-13994)0 


1 


-75 


136-0220-00 


2 


-76 


136-02604)0 


1 


•77 


1364)2634)3 


1 


-78 


2144)579-00 


4 


-79 


361-02384)0 


2 


•80 


211-0155-00 


2 



Description 

I S i 4 S 



CONTACT, electrical, upper 

mounting hardware for each; (not included w/contoct) 
SCREW, 4^ X 0.250 inch, PHS 
NUT, keps, 4-40 x 0.250 inch 

CONTACT, electrical, upper (not shown) 
mounting hardware; (not included w/contact) 

SCREW, 4-40 x 0.125 inch, PHS 



CONTACT, electrical, lower 

mounting hardware for each; (not included w/contact) 
SCREW, 2-56 x 0.188 inch, RHS 
WASHER, lock, internal #2 
NUT, hex., 2-56 x 0.187 inch 



ASSEMBLY, circuit board— VERTICAL INTERFACE 
ossembly includes: 

BOARD, circuit 

TERMINAL, pin, 0.500 inch long (not shown) 
SOCKET, pin terminal 
SOCKET, trarwistor, 3 pin 
SCREW, 4-40 x 0.375 inch, knuried 
SPACER, sleeve 
SHIELD, circuit board, plostic 
ASSEMBLY, circuit board— TRIG. SEL 
ossembly includes; 

BOARD, circuit 

SOCKET, transistor, 3 pin, square 
SOCKET, integrated circuit, 16 pin 
SOCKET, pin terminal 
PIN, test point 

SCREW, 4-40 x 0.375 inch, knurled 
SPACER, sleeve 

ASSEMBLY, circuit board— HOR12 INTERFACE 
assembly includes; 

BOARD, circuit 

SOCKET, transistor, 3 pin, square 
SOCKET, integrated circuit, 16 pin 
SOCKET, pin ferminol 
PIN, test point 
SPACER, sleeve 

SCREW, 4-40 x 0.375 inch, knurled 



Mtchankdl Parts List — 7704 



FIGURE 2 PI-HSG, OL, HORIZ 

Fig. & Q 

Index Tektronix Serial/Model No. t 



No. 


Port No. 


Eff 


Disc 


y 


2- 


670-0817-00 






1 


-81 


388-1408-00 






1 


•82 


388-1381-00 






1 


-83 


388-1380-00 






1 


•84 


388-1401-01 






1 


■85 


211-0065-00 






2 




131-0767-00 






2 


-86 


200-0950-00 






2 


■87 


204-0365-00 






1 


-88 


131-0726-00 






2 




131-0727-00 






2 


-89 


213-0232-00 






2 




137-0767-02 






2 


■90 


200-0950-00 






2 


■91 


204-0365-00 






1 


-92 


131-07264)0 






2 




131-0727-00 






2 




131-0899-00 






4 


•93 


213-0232-00 






2 


•94 


136-0220-00 






2 


•95 


131-0595-00 






9 




131-06084X) 






66 




131-0590-00 






45 




131-0592-00 






56 




131-06654)0 






19 




131-0787-00 






24 


-96 


351-0155-00 






66 


-97 


351-0185-00 






4 


-98 


351-0227-00 






3 




351-0213-00 






2 


-99 


351-0188-00 






4 


• 100 


351-0186-00 






3 


-101 


352-0213-00 






4 


-102 


386-1557-00 






5 


■103 


352-02 124)0 






8 


-104 


213-0034-00 






12 



■105 


131-0804-00 


2 


-106 


131-0805-00 


I 


-107 


220-0561-00 


3 



OUT. A MAIN INTERFACE (contl 



Description 



ASSEMBLY, circuit board — MAIN INTERFACE 
assembly includes: 

BOARD, circuit 

BOARD, circuit— IPC OUTER 

BOARD, circuit— IPC INNER 

BOARD, circuit— VERTICAL INTERCONNECT 

mounting hardware: (not included w/board) 

SCREW, 440 X 0.188 inch, PHS 

CONNECTOR, receptacle, 76 contact 
each connector includes: 

COVER, plastic 
BODY, plastic 

CONTACT SET, electrical, straight 
CONTACT SET, electrical, oHset 
mounting hordware for each; (not included w/connector| 
SCREW, thread forming, 2-56x0.312 inch, PHS 

CONNECTOR, receptacle, 76 contocf 
each connector includes: 

COVER, plastic 
BODY, plastic 

CONTACT SET, electrical, straight 
CONTAa SET, electrical, offset 
CONTACT, short toil 

mounting hordware for each: (not included w/connectorj 
SCREW, thread forming, 2-56x0.312 inch, PHS 

SOCKET, transistor, 3 pin, squore 
TERMINAL, pin, 1.370 inches long 
TERMINAL, pin, 0.365 inch long 
TERMINAL, pin, 0710 inch long 
TERMINAL, pin, 0.832 inch long 
TERMINAL, pin, 0.880 irKh long 
TERMINAL, pin, 0.640 inch long 
GUIDE, terminal lead, plastic 
GUIDE-POST, lock, 0.650 inch long 
GUIDE-POST, lock. 0.840 inch long 
GUIDE-POST, lock, 0.285 inch long (not shown) 
GUIDE-POST, lock, 0.650 inch long 
GUIDE-POST, lock, 0.840 inch long 
HOLDER, coble, plastic 
SUPPORT, circuit board, plastic 
HOLDER, coaxial, grounding 
mounting hardware; (not included w/ossembly) 

SCREW, thread formging, 4-40x0.312 inch, RHS 

LINK, terminol connector, 1.150 inches long 
LINK, terminal connector, 0.900 inch long 
NUT, hex., 10-32 x 0.250 inch 



8-9 



Mechgnical Parts List — 7704 



FIGURE 2 P1-HSG, DL, HORIZ 



Fig. & 
Index 
No. 


Tektronix 
Part No. 


Serial/Model 

Eff 


No. 

Disc 


Q 

t 

y 


2-108 


670-0878-00 






1 




388-1531-00 






1 


•109 


136-0263-03 






8 


•110 


361-0238-00 






2 


•111 


21 1-01 55-00 






2 


-112 


670.0848-00 






1 




388-1 1 57-00 






1 


•113 


136-0220-00 






7 


-114 


136-0241-00 






4 


•115 


136-0260-01 






3 


-116 


136-0263-03 






43 


-117 


361-0238 00 






3 


-118 


211-0155-00 






3 


-119 


214-0579-00 






15 


-120 


670 0812-00 






1 




388-1403-00 






1 


-121 


136-0220-00 






10 


• 122 


136-0263-03 






16 


• 123 


214-0579-00 






5 


• 124 


361-0238-00 






3 


•125 


211-0155-00 






3 


•126 


179-1466-00 






1 


•127 


131-0512-00 






161 




131-0740-00 






2 




131-0755-00 






3 


• 128 


131-0738-00 






1 




131-0819-00 






4 


• 129 


131-0621-00 






92 




131-0622-00 






1 




131-0707-00 






3 


•130 


131-0818-00 






1 


•131 


352 0198-00 






1 


•132 


352-0163-00 






1 




352 0201-00 






4 


•133 


352-0204-00 






8 


•134 


352-0206-00 






3 


•135 


343-0007-00 






1 




210-0457-00 






1 




210-0863-00 






1 


•136 


211-0511-00 






1 



OUT. & MAIN INTERFACE IcontI 



DtscripHon 

i ; » 4 s 



ASSEMBLY, circuit boord— HORIZONTAL INTERCONNECT 
ossembly includes: 

BOARD, circuit 
SOCKET, pin terminal 
SPACER, sleeve 

SCREW. 4.40x0.375 inch, knurled 
ASSEMBLY, circuit board— LOGIC 
assembly includes: 

BOARD, circuit 

SOCKET, transistor, 3 pin, squore 
SOCKET, integrated circuit, 10 pin 
SOCKET, integroted circuit, 16 pin 
SOCKET, pin terminal 
SPACER, sleeve 

SCREW, 4-40 X 0.375 inch, knurled 
PIN, test point 

ASSEMBLY, circuit board— VERT SWITCHING & PWR 
ossembly includes; 

BOARD, circuit 

SOCKET, transistor, 3 pin, square 
SOCKET, pin connector 
PIN, test point 
SPACER, sleeve 

SCREW. 440 X 0.375 inch, knurled 
WIRING HARNESS, moin 
wiring harness includes: 

CONNEaOR, terminol 
CONNEaOR, terminol 
CONNECTOR, terminol 
CONNECTOR, terminol 
CONNECTOR, terminal 
CONNECTOR, terminol 
CONNECTOR, terminol 
CONNECTOR, terminal 
CONNECTOR, receptocle, BNC, w/hordwore 
HOLDER, terminol connector, 2 wire 
HOLDER, terminol connector, 5 wire 
HOLDER, terminol connector, 5 wire 
HOLDER, termirtol connector, 8 wire 
HOLDER, terminal conrsector, 10 wire 
CLAMP, coble plastic, 0.625 inch diameter 
mounting hordwore: (not included w/ctomp) 

NUT, keps. 6-32x0.312 inch 

WASHER. D shope, 0.191 ID x 0.51 6 x 0.515 inch long 

SCREW, 6-32 X 0.500 inch, PHS 




MBchcinical Ports List— 7704 



FIGURE 3 REGULATOR CHASSIS i HV POWER 



Fig. & O 



ndex 

No. 


Tektronix 
Port No. 


Serial/Model No. 
Eff Disc 


t 

y 


3-1 


670-0816-00 




1 




388-1407-00 




1 


-2 


136-0183-00 




1 


-3 


136-0220-00 




13 


-4 


136-0235-00 




5 


-5 


136-0254-01 




17 


•6 


1 36-0263-03 




39 


-7 


136-0286-00 




6 


•8 


136-0338-01 




4 


-9 


166-0292-00 




2 


-10 


211-0155-00 




3 


-11 


361-0238-00 




3 


-12 


214-0579-00 




8 


-13 


344-0154-00 




8 


-14 


670-0635-00 




1 




386-1166-00 




1 


-15 


136-0220-00 




11 


-16 


1364D235-00 




1 


-17 


136-0237-00 




4 


-18 


136-0269-00 




1 


-19 


136-0260-01 




14 


-20 


136-0263-03 




46 


-21 


214-0579-00 




18 


-22 


211-0155-00 




2 


-23 


361 -0238-00 




2 


•24 


670-0632-00 




1 




388-1163-00 




1 


-25 


136-0220-00 




12 


-26 


136-0263-03 




23 


-27 


260-0723-00 




1 


-28 


260-0984-00 




1 


-29 


214-0579-00 




9 


-30 


211-0155-00 




2 


-31 


361-0238-00 




2 


-32 






5 


-33 


131-0739-00 




1 


■34 


21 1 -0537-00 




1 


•35 


210-0975-00 




2 


•36 


386-0978-00 




1 


•37 


210-0457-00 




2 



-38 




2 


-39 


210-0224-00 


1 




210-0909-00 


2 


-40 


210-0910-00 


1 




210 0805-00 


1 


-41 


220-0410-00 


1 



Description 

1 ? ? 4 5 



ASSEMBLY, circuit board— LOW VOLTAGE REGULATOR 
ossembl/ includes; 

BOARD, circuit 
SOCKET, transistor, 3 pin 
SOCKET, tronsistor, 3 pin, square 
SOCKET, tronsistor, 6 contact 
SOCKET, connector pin, 0.145 inch long 
SOCKET, pin terminol 
SOCKET, terminol pin 
SOCKET, terminal pin 
SLEEVE, support 

SCREW, 4-40 X 0-375 inch, knurled 
SPACER, sleeve 
PIN, test point 
CLIP 

ASSEMBLY, circuit board— READOUT 
ossembly includes: 

BOARD, circuit 

SOCKET, tronsistor, 3 pin, square 
SOCKET, transistor, 6 pin 
SOCKET, transistor, 8 contact 
SOCKET, integrated circuit, 14 contact 
SOCKET, integrated circuit, 16 contact 
SOCKET, pin terminol 
PIN, test point 

SCREW. 4-40 X 0.375 inch, knurled 
SPACER, sleeve 

ASSEMBLY, circuit boord— OUTPUT SIGNAL 
assembly includes: 

BOARD, circuit 

SOCKET, transistor, 3 pin, squore 
SOCKET, pin terminol 
SWITCH, slide— SWP 
SWITCH, slide— GATE 
PIN, lest point 

SCREW, 4-40 x 0.375 inch, knurled 
SPACER, sleeve 
TRANSISTOR 

mounting hordwore: (not included w/transistor) 

TERMINAL, feed-thru 

SCREW. 6-32 X 0.375 inch, THS 

WASHER, plastic, shouldered, 0.140 ID x 0.375 inch OD 

PLATE, insulator, plastic 

NUT, keps, 6-32x0.312 inch 



DIODE 

mounting hordwore for each: (not included w/diode) 

LUG. solder, #10 

WASHER, plostic, insulator 

WASHER. plasHc, 0.190 ID x 0.281 inch OD 

WASHER, flat, 0.204 ID x 0.438 inch OD 

NUT, keps, 10-32 x 0.375 inch 



Mtchonicfll Parts List — 7704 



FIGURE 3 REGULATOR CHASSIS A HV POWER (cent) 
Rfl. i Q 



Index Tektronix Serial/Modei No. t 



No. 


Port No. 


Eff 


Disc 


y 


3-42 








2 


•43 


131-0739-00 






1 


•44 


211-0537-00 






1 




210-0975-00 






2 


-45 


386-01 43-'00 






1 


■46 


210-0457J30 






2 



-47 


214-1186-00 


2 


•48 


211-0114-00 


2 



-49 


343-0089-00 


4 


•50 


343-0213-00 


2 


•51 


21 0-0202-00 


1 


•52 


21 1 -0504-00 


1 



-53 


131-0682-03 


108 


-54 


131-0737-00 


8 


-55 


386-1556-00 


9 


-56 


441-09044D0 


1 


-57 


213-0172-00 


3 


-58 


352-0031-00 


1 


•59 


211-0510-00 


1 


-60 


210-0457-00 


1 



-61 


670-0806-00 


1 




388-1397-00 


1 


•62 


136-0220-00 


7 


-63 


136-0183-00 


4 


-64 


214-0668-00 


1 


-65 


214-0579-00 


11 


-66 


136-0263-03 


21 


-67 


211-0155-00 


4 


-68 


361-0238-00 


4 





621 -0446-00 


1 


•69 


337-1 121 -00 


1 


•70 


348-0031 -00 


1 


•71 


131-0682 00 


21 


•72 


210-0201-00 


1 


•73 


211-0038-00 


1 


-74 


210-0586-00 


1 



Description 

1 ; 3 < 5 



TRANSISTOR 

mounting hardware for each: (not Included w/tronsistor) 

TERMINAL, feed-thru 

SCREW, 6-32 x 0.375 inch, THS 

WASHER, plastic, shouldered, 0.140 ID x 0.375 inch OO 

PLATE, insulotor, plastic 

NUT, keps, 6-32x0.312 inch 



PIN, hinge 

mounting hardware for each; (not included w/pin) 
SCREW, 4-40 x 0.437 inch. 100* ak. FHS 



CLAMP, coble, plostic, large 
CLAMP, coble, plastic, medium 
LUG, solder. SE #6 

mounting hordwore: (not included w/lug) 
SCREW, 6-32 X 0.250 inch, PHS 



TERMINAL, feed-thru, 0.890 inch long 
TERMINAL, feed-thru 
SUPPORT, circuit boord 
CHASSIS, low voltage regulator 
chossis includes: 

THUMBSCREW, 6-32x0.812 inch 
HOLDER, fuse, single 

mounting hordwore: (not included w/holder) 
SCREW, 6-32 X 0.375 inch. PHS 
NUT. keps, 6-32x0.312 inch 



ASSEMBLY, circuit board— HV/Z AXIS AMP 
assembly includes; 

BOARD, circuit 

SOCKET, transistor, 3 pin, squore 
SOCKET, transistor, 3 pin 
HEAT SINK 
PIN, test point 
SOCKET, terminal pin 
SCREW, 4-40 x 0.375 inch, knurled 
SPACER, sleeve 



ASSEMBLY, high voltage box 
assembly includes; 

SHIELD, high voltage 
GROMMET, plostic. 0.093 inch diometer 
TERMINAL, feed-thru, 0.820 inch long 
LUG, solder. SE #4 

mounting hordwore: (not included w/lug) 
SCREW, 4-40x0.312 inch, PHS 
NUT, keps. 4-40 x 0.250 inch 




Mechanical Parts List — 7704 



FIGURE 3 REGULATOR CHASSIS « HV POWER (cent) 



Fig. & 

Index Tektronix 
No. Port No. 


Serial/Model No. 
Eff Disc 


O 

t 

y 


Description 

l 2 3 < s 


3-75 


131-0309-00 




4 


CONNECTOR, terminol 




358-0241-00 




4 


BUSHING, plostic 


•76 


255-0334-00 




ft 


CHANNEL, plastic, 1.375 inches long 


.77 






2 


TRANSISTOR 










mounting hardware for each: (not included w/tran$istor| 


•78 


213-0146-00 




2 


SCREW, thread forming, #6x0.313 inch, PHS 


•79 


386-0978-00 




1 


PLATE, insulator, plostic 


-80 


136-0280-00 




2 


SOCKET, tronsistor 








. 


mounting hardwore for each: (not included w/socket) 


-81 


211-0038-00 




2 


SCREW, 4-40x0.312, PHS 


•82 


210 0586-00 




2 


NUT, keps, 4-40 x 0.250 


•83 


380-0166-00 




1 


HOUSING, high voltage 


•84 


210-1093-00 




2 


WASHER, plastic, 0.187 ID x 0.312 inch OD 


-85 


119-0227-00 




1 


ASSEMBLY, seeled 


-86 


441 -0879-00 




1 


CHASSIS, high voltage 








. 


chassis includes: 


-87 


124-0164-00 




5 


STRIP, ceramic, 4 notches 


•88 


124-0176-00 




2 


STRIP, ceramic, 4 notches 


•89 


124-0175-00 




1 


STRIP, ceromic, 2 notches 


•90 


124411 63-00 




1 


STRIP, ceramic, 2 notches 


-91 


131 -0403-00 




1 


CONNECTOR, feed-thru 


-92 


1364)375-00 




1 


ASSEMBLY, CRT socket & cable 








. 


assembly includes: 


-93 


1364)3044)2 




1 


SOCKET, CRT 


-94 


131-0512-00 




7 


CONNECTOR, terminol, 0.315 inch long 


-95 


179-1471-00 




1 


WIRING HARNESS, high voltoge 


-96 


131-0864-00 




1 


CONTACT, electricol 


-97 


200-0917-01 




1 


COVER. CRT socket 


-98 






1 


RESISTOR, variable 








. 


mounting hardware: (not included w/resistor) 




210-0046-00 




1 


WASHER, lock, internal, 0.261 ID x 0.400 inch OD 


-99 


210-0583-00 




1 


NUT, hex.. 0.250 x 0.312 inch 


-too 


200-0988-00 




1 


COVER, high voltoge box 








- 


mounting hardwore: (not included w/cover) 


• 101 


211-0529-00 




1 


SCREW, 6-32 X 1 .250 inches, Fil HS 


•102 


2114)530-00 




2 


SCREW, 6-32 X 1 750 inches, Fil HS 


-103 


343-0254-00 




1 


CLAMP, CRT socket 


• 104 


367-0117-00 




1 


HANDLE, CRT socket 


• 105 


352-0217-00 




1 


HOLDER, anode connector 










mounting hardware: (not included w/holder] 




211-0008-00 




2 


SCREW, 4-40 X 0.250 inch, PHS 


-106 


213-0113-00 




1 


SCREW, thread forming, 2-32x0.312 inch, RHS 










mounting hardware: (not included w/ossembly) 




21 1 -0507-00 




5 


SCREW. 6-32x0.312 inch. PHS 



8-13 




Mcchgnical Partf Ust — 7704 



FIGURE 3 REGULATOR CHASSIS t HV POWER (conf) 



Fig. & 
Index 
No. 


Tektronix 

Tektronix 


Serial/Model 

Eff 


No. 

Disc 


Q 

t 

y 


Descriptfon 

1 2 i 4 s 


3-107 


407-0608-00 






1 


BRACKET, high voltoge 


■108 


348-0231 -00 






2 


SHIELDING GASKET, electrical, 5.400 inches long 


-109 


129-0234-00 






1 


POST, hex., 0.312 x 5.030 inches long 










. 


mounting hardware: (not included w/post) 


•no 


211-0510-00 






2 


SCREW, 6-32 x 0.375 inch, PHS 


-111 


441-0874-00 






1 


CHASSIS, vertical output 


•112 


407-0646-00 






1 


BRACKET, support 










- 


mounting hardware: (not included w/brocket) 


■113 


211-0537-00 






4 


SCREW, 6-32 X 0.375 inch, THS 


-114 


131-0682-02 






13 


TERMINAL, feed-thru, 0.820 inch long 


•115 


210-0202-00 






2 


LUG, solder, SE #6 










- 


mounting hordwore for each: (not included w/lug) 


-114 


211-0504-00 






1 


SCREW, 6-32 X 0.250 inch, PHS 


-117 


210-0457-00 






1 


NUT, keps, 6-32x0.312 inch 


■118 


386-1664-00 






1 


PLATE, component mounting 










- 


mounting hordwore: (rwt included w/plate) 


-119 


213-0044-00 






2 


SCREW, threod forming, 5-40 x 0.187 inch, PHS 


-120 


407-0607-00 






1 


BRACKET 










- 


mounting hordwore: (not included w/brocket) 


■121 


211-0507-00 






2 


SCREW, 6-32x0.312 inch, PHS 


■122 


210-0457-00 






2 


NUT, keps, 6-32x0.312 inch 


■123 


407-0609-00 






1 


BRACKET, component 










- 


mounting hardware: (not included w/brocket) 


-124 


211-0507-00 






2 


SCREW, 6-32x0.312 inch, PHS 


-125 


210-0457-00 






2 


NUT, keps, 6-32x0.312 inch 


■126 


214-1138-00 






2 


HEAT SINK 


■127 


352-0062-00 






2 


HOLDER, heat sink 


-128 


21 1 -0008-00 






4 


SCREW, 4-40 X 0.250 inch, PHS 




211-0012-00 






4 


SCREW. 4-40 X 0.375 inch, PHS (not shown) 


■129 


210-0406-00 






8 


NUT. hex., 4-40 x 0.187 inch 


•130 


343-0097-00 






2 


CLAMP 




210-0627-00 






2 


RIVET (not shown) 


■131 


214-0368-00 






2 


SPRING, helical compression 


■132 


210-0599-00 






4 


NUT, sleeve 
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FIGURE 3 REGULATOR CHASSIS & HV POWER (cont> 



Fig. & 
Index 
No. 


Tektronix 
Port No. 


Serial/Model No. 
Eff Disc 


Q 

t 

y 


Description 

1 2 ) 4 J 


3.133 


670-0809.00 




1 


ASSEMBLY, circuit board— VERTICAL OUTPUT 








. 


assembly Includes: 




388-1400-00 




1 


BOARD, circuit 


•134 


1364K52-01 




2 


SOCKET, pin connector 


■135 


136-0263-03 




7 


SOCKET, terminol pin 


-136 


136-0350-00 




12 


SOCKET, transistor, 3 pin 


-137 


214-0579-00 




6 


PIN, test point 


•138 


211-0155-00 




3 


SCREW, 4-40x0.375 inch, knurled 


•139 


361-0238-00 




3 


SPACER, sleeve 


-140 


337-1216-00 




1 


SHIELD, circuit boord, plastic 


■ 141 


131-0761-00 




1 


TERMINAL POST 










mounting hordwore: (not included w/terminal post) 


•142 


210-0202-00 




1 


LUG, solder, SE #6 


• 143 


211-0504-00 




1 


SCREW. 6-32 X 0.250 inch, PHS 



8.15 



Mvchdnieal Parts List— 7704 



FIGURE 4 LV 

Fig. & O 



Index 

No. 


Tektronix 
Port No. 


Seriot/Model 

Eff 


No. 

Disc 


t 

y 


4-1 


437-0102-00 






1 


-2 


212-0045-00 






4 


-3 


129-0229-00 






4 


-4 


407-0652-00 






1 




212-0040-00 






2 


-5 


210-0458-00 






2 


•6 


351-0208-00 






2 


-7 


213-0054-00 






1 


-8 


213-0068-00 






1 


-9 


426-0443-04 






1 


-10 


354-0345430 






1 


-11 


348-0218-00 






2 


-12 


34B-0221-00 






2 


-13 


105-0151-00 






8 


-14 


213-0088-00 






1 


-15 


343-0248-00 






1 


-16 


407-0647-00 






2 


-17 


212-0040-00 






2 


-18 


386-1548-00 






1 


19 


212-0040-00 






1 


-20 


210-0458-00 






1 


-21 


200-0938-00 






1 


-22 


407-0651-00 






1 


-23 


211-0619-00 






6 


-24 


211-0016-00 






1 


-25 


386-1649-00 






1 


•26 


129-0230430 






1 


-27 


210432064)0 






5 


•28 


21243518-00 






4 


•29 


25243562-00 






ft 


•30 


200-1007-00 






1 



POWER t REAR 



Description 

1 ; > « 3 



CABINET, LV power supply 

mounting hordwore: (not included w/cobinet) 

SCREW, 8-32 X 0.500 inch, THS 



POST, hex., 5.250 inches long 
BRACKET, support 

mounting hordwore: (not included w/brocket) 

SCREW, 8-32 x 0.375 inch, 100* csk, FHS (not shown) 
NUT, keps, 8-32x0.343 inch 



RAIL, power supply, plastic 

mounting hordwore lor each: (not included w/roil) 

SCREW, threod cutting, 6-32x0.312 inch, PHS 

SCREW, thread cutting, 6*32x0.312 inch, 100* csk, FHS 



FRAME, cabinet, rear 
frame includes: 

RING, ornomentol 

SHIELDING GASKET, electricol, 9.900 inches long 
SHIELDING GASKET, electrical, 10.400 inches long 
CATCH, ponel 

mounting hordwore for each: (not included w/cotch) 
SCREW, threod forming, 4-40 x 0.250 inch, PHS 
RETAINER, panel catch 



BRACKET, panel mounting 

mounting hardware for each: (not included w/brocket) 
SCREW, 8-32x0.375 inch, 100* csk, FHS 



SUPPORT, swing-out chassis 
mounting hardware: (not included w/support) 
SCREW. 8-32 x 0.375 inch. 100* csk, FHS 
NUT, keps, 8-32 x 0.344 inch 



COVER, frame, reor 
BRACKET-STRAP ASSEMBLY 

mounttrrg hordwore; (t>ot included w/bracket-strop ossembly] 
SCREW, 6-32x1.500 inches, 100* csk, FHS 



SCREW, 4-40 X 0.625 inch, RHS 
PLATE, backing 

POST, hex., 0.188x1.500 inches long 
LUG, solder, SE #10 
SCREW. 10-32 X 0.312 inch, PHS 
PLASTIC CHANNEL, 4 lengths ol 2 inches each 
COVER, capacitor, plastic 




Mtchonicol PoHs list — 7704 



FIGURE 4 LV POWER & REAR (cont) 



Fig. & 
Index 
No. 


Tektronix 
Port No. 


Serial/Model 

m 


No. 

Disc 


Q 

t 

y 


Description 

1 ? > « » 


4-31 


670-081 5-00 






1 


ASSEMBLY, circuit board — RECTIFIER 










- 


ossembi/ includes: 




38B-I406-00 






1 


BOARD, circuit 


•32 


136-0183-00 






1 


SOCKET, transistor, 3 pin 


.33 


136-0220-00 






8 


SOCKET, transistor, 3 pin. square 


•34 


136-0263-00 






12 


SOCKET, connectar pin 


•35 


136-0286-00 






34 


SOCKET, termirral pin 


•36 


136-0338-01 






2 


SOCKET, terminal pin 


■37 


214-0579-00 






5 


PIN, test point 


■38 


214-0269.00 






6 


HEAT SINK 


•39 








1 


TRANSISTOR 










• 


mounting hardware: (not included w/tronsistor) 


40 


355-0146-00 






2 


STUD, self locking 


41 


210-0586-00 






2 


NUT, kepi, 4-40 X 0.250 inch 


■42 








2 


DIODE 










- 


mounting hardware for each; (not included w/diode) 


43 


210-0805-00 






1 


WASHER, Wot, 0.204 ID x 0.438 inch OD 




210-0010-00 






1 


WASHER, lock, infemol, #10 


-44 


210-0410-00 






I 


NUT, hex., 10-32x0,312 inch 


-45 


211-0155-00 






3 


SCREW, 4-40 X 0.375 inch, knurled 


•46 


361-0238-00 






3 


SPACER, sleeve 


47 


670-0813-00 






1 


ASSEMBLY, circuit board — LINE INPUT 










. 


ossembly includes: 




388-1404-00 






1 


BOARD, circuit 


•48 


1364)263-03 






2 


SOCKET, pin terminol 


■49 


136-02864)0 






3 


SOCKET, terminal pin 


•50 


343-0043-00 






1 


CLAMP, neon 


•51 


211-0155-00 






2 


SCREW, 4-40 X 0.375 inch, knurled 


-52 


361-02384)0 






2 


SPACER, sleeve 


-53 


386-15564)0 






4 


SUPPORT, circuit board 


-54 


131-06824)3 






14 


TERMINAL, feed-thru, 0-890 inch long 


•55 


131 -07374)0 






13 


TERMINAL, feed-thru, 0.218 inch long 


•56 


670-08144)0 






1 


ASSEMBLY, circuit boord— INVERTER 










- 


assembly includes: 




388-04054)0 






1 


BOARD, circuit 


-57 


136-0254-01 






4 


SOCKET, connector pin 


-58 


214-0579-00 






c 


PIN, test point 


•59 


214-1194-00 






r 


HEAT SINK 


-60 


344-0189-00 






1 


CLIP, toroid 












mounting hardware: (not included w/clip) 


•61 


211-0008-00 






1 


SCREW, 4-40x0.250 inch, PHS 


■62 


210-0586-00 






1 


NUT, keps, 4-40 x 0.250 inch 


■63 


337-11864)0 






1 


SHIELD, electricol 


■64 


211-01164)0 






4 


SCREW, sems, 4-40x0.312 inch, PHB 


■65 








2 


TRANSISTOR 










• 


mounting hardware for each; (not included w/tronsistor) 


-66 


3554)137-00 






2 


STUD, self locking 




210-0004-00 






2 


WASHER, lock, internol, #4 


■67 


210-0406-00 






2 


NUT, hex., 4-40 x 0.187 inch 










• 


mounting hordwore: (not included w/ossemblyl 


-68 


211-01144)0 






5 


SCREW. 4-40 x 0.438 inch, 100” csk, FHS 


-69 


210-0586-00 






5 


NUT, keps, 4-40 x 0.250 inch 


•70 


211-0116-00 






2 


SCREW, sems, 4-40x0.312 inch PHB 
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FiGURi 4 LV POWER & REAR (cont) 
Fig. & O 



Index Tektronix Seriol/Model No. t 



No. 


Port No. 


Bff 


Disc 


y 


4-71 


441-0893-00 






1 


■72 


119-0229-00 






1 


-73 








1 


-74 


211-0504-00 






2 


-75 


213-0144-00 






8 


•76 








1 


-77 


211-0101-00 






2 


•78 


210-0586-00 






2 


-79 


131-0775-00 






2 


-eo 


210-0202-00 






1 


-81 


211-0502-00 






1 




131-0775-00 






1 




21 1 -0503-00 






1 




119-0228-00 






1 


-82 


380-0171-00 






1 


-83 


131-0761-00 






2 




210-0006-00 






1 


-84 


211-0504-00 






1 


•85 


131-0761-00 






1 




211-0504-00 






1 


•86 


210-0202-00 






1 


-87 








1 


•88 


211-0166-00 






2 


-89 


346-0068-00 






1 


•90 








2 


-91 








1 


-92 


213-0088-00 






1 



Description 

1 t } 4 s 



CHASSIS, LV power supply 
POWER SUPPLY 
power supply includes; 

CAPACITOR 

mounting hordwore: (not included w/copocitor) 
SCREW, 6-32 x 0.250 inch, PHS 
mounting hordwore; (not included w/power supply) 
SCREW, sheet metol, #8 x 0.250 inch, THS 



THERMO CUTOUT 

mounting hordwore: (not included w/thermo cutout) 
SCREW. 4-^0 x 0.250 inch. 100* csk. FHS 
NUT, keps, 4-40 x 0.250 irtch 



TERMINAL, stud 

mounting hardware for each: (not included w/terminol) 
LUG. solder. SE #6 

SCREW, 6-32 x 0.188 inch, 100* csk, FHS 

TERMINAL, stud (not shown) 

mounting hardware: (not included w/termir>ol) 

SCREW, 6-32 x 0.188 inch, PHS 

ASSEMBLY, line filter 
ossembly includes; 

HOUSING, line filler 

TERMINAL, post 

mounting hordwore for eoch: (not included w/terminol) 
WASHER, lock, internoi #6 
SCREW, 6-32 X 0.250 inch, PHS 

TERMINAL, post 

mounting hordwore; (not irKluded w/terminol) 

SCREW. 6-32 X 0.250 inch, PHS (not shown) 

LUG, solder, SE #6 

TRANSFORMER 

mounting hordwore: (not included w/tronsformer) 
SCREW, 4-40 X 1 .750 inches. PHS 
STRAP, retoining 

CAPACITOR, w/hordwore 
CAPACITOR 

mounting hordwore: (not included w/copocifor) 

SCREW, threod forming, #4 x 0.250 inch, PHS 
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FIGURE 4 LV POWER & REAR (cont) 



Rg. & O 

Index Tektronix Serial/Model No. t 



No. 


Port No. 


Eff 


Disc 


y 


4-93 








2 


-94 


210-0909-00 






2 




210-0813-00 






1 


-95 


210-0224-00 






1 


-96 


220-0410-00 






1 


-97 


210-0202-00 






1 




211 -0504.00 






1 


-98 


210-0407-00 






1 


-99 


348-0240-00 






1 


-100 


386-1612-00 






1 


• 101 


386-1610-00 






1 


-102 


212-0039-00 






4 


-103 


386-1561-00 






1 


-104 


211-0038-00 






3 


•105 


204-0373-01 






1 


•106 


204-0374-01 






1 


• 107 


200-0981-01 






1 


.108 


352-0102-00 






2 


-109 


213-0088-00 






2 


-no 


358-0372-00 






1 


•111 


200-1004-00 






1 


-112 


358-0371-00 






1 


•113 


161-0033-04 






1 


•114 


386-1613-00 






1 


-115 


386-1611-00 






1 


•116 


212-0039-00 






4 


-117 


131-0761-00 






2 


-118 


210-0202-00 






1 


•119 


211-0541-00 






1 


-120 


131-0761-00 






3 


•121 


210-0006-00 






1 


-122 


211-0541 00 






1 


•123 


131-0106-01 






2 




210-0012-00 






1 


-124 


210-0413-00 






1 



Description 

1 ; 1 « s 

DIODE 

rrtounting hordwore for each: (not included w/diode| 
WASHER, plostic, 0.196 ID x 0.625 inch OD 
WASHER, flat. 0.204 ID x 0.438 inch OD 
lUG, solder, 0.87S inch long 
NUT, kept, 10-32 x 0.375 inch 



LUG, solder, SE #6 

mounting hordwore: (not included w/lug) 
SCREW, 6-32 X 0.250 inch, PHS 
NUT, hex,, 6-32 x 0.250 inch 



SHIELDING GASKET, eleetricol, 10.140 inches long 
SUBPANEL, rear, lower 
PANEL, rear, lower 

mounting hardware: (not included w/ponei) 

SCREW, 8-32 X 0.375 inch, THS 



PLATE, retoining 

mounting hardware: (not included w/plote) 
SCREW, 4-40x0.312 inch, 100* csk, FHS 



BODY ASSEMBLY, line voltage selector 
BODY, (use holder 
COVCT, line voltage selector 
cover includes: 

HOLDER, fuse 

mounting hardware for each: (not included w/holder) 
SCREW, thread forming, #4x0.250 inch, PHS 
BUSHING, strain relief, bottom 
CABLE NIPPLE, plastic 
BUSHING, strain relief, lop 
CABLE ASSEMBLY, power 
SUBPANEL, rear, upper 
PANEL, reor, upper 

mounting hordwore: (not included w/ponel] 

SCREW, 8-32 X 0,375 inch, THS 



TERMINAL, post 

mounting hordwore: (not included w/lerminol) 
LUG, solder, SE #6 

SCREW, 6-32 x 0,250 inch, 100® csk, FHS 



TERMINAL, post 

mounting hordwore: (not included w/terminal) 

WASHER, lock, internal, #6 

SCREW. 6-32x0.250 inch, 100® csk, FHS 



CONNECTOR, cooxiol, 1 contact, BNC, female 
nsounting hordwore: (rrot included w/connector) 
WASHER, lode, internol, 0.375 10 x 0.500 inch OD 
NUT, hex., 0.375-32 x 0.500 inch 



(X) 
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FIGURE 4 LV POWER A REAR (coni) 



Fig. & Q 

Index Tektronix Serial/Model No. I 

No. Part No. Eff Disc y 



4-125 


131-0771-00 


2 




210-0012-00 


1 


-126 


220-0551-00 


1 


-127 


136-0089-00 


1 


•128 


211-0012-00 


4 


-129 


210-0586-00 


4 


-130 


358-0224430 


4 


131 


212-0020-00 


2 


■132 


348-0225-00 


4 


■133 


179-1468-00 


1 


-134 


179-1467-00 


1 


•135 


131-0512-00 


16 




131-0755-00 


2 


•136 


131-0738-00 


14 



Description 

I ; } « } 



CONNECTOR, receptacle, 4 contact 
mounting hardware for each: (not included w/connector) 
WASHER, lock, internol. 0.375 ID x 0.500 Inch 00 
NUT, hex,. 



SOCKET, 9 pin, w/lemale insert 
mounting hordwore; (not included w/socket) 
SCREW, 4-40 X 0.375 inch, PHS 
NUT. keps, 440 x 0.250 inch 

FOOT, cabinet, plastic 

mounting hardware; (not included w/foot) 

SCREW. 8-32x1 inch, PHS 

PAD, cabinet foot 

WIRING HARNESS, line voltage selector 
WIRING HARNESS, power 
wiring harness includes: 

CONNECTOR, terminal 
CONNECTOR, terminal 
CONNECTOR, terminol 
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Fig. & 

Index Tektronix 



No. 


Part No. 


5-1 


390-0086-00 




214-0812-00 


-2 


214-0603-01 


-3 


214-0604-00 


•4 


386-0227-00 


■5 


386-0226-00 


-6 


390-0085-00 




214-08)2-00 


-7 


214-0603-01 


-8 


214-0604-00 


-9 


386-0227-00 


-10 


386-0226-00 


-11 


200-0973-00 


•12 


367-0108-00 


-13 


213-0211-00 


-14 


386-1624-00 


• 15 


386-1623-00 


-16 


426-0484-00 




212-0040-00 


-17 


210-0458-00 


-18 


4264)485-00 




212-0040-00 


-19 


426-0486-00 




212-0040-00 


-20 


348-0193-00 


•21 


348-0130-00 


•22 


211-0513-00 


-23 


348-0)81-00 


-24 


211-0513-00 


•25 


348-0182-00 


•26 


343-0256-00 


•27 


212-0091-00 

210-0458-00 



Mechanical Part* List — 7704 

FIGURE 5 CABINET 

0 

Serial/Model No. t Description 

Eff Disc Y i ? ? « s 

2 CABINET SIDE 

each cobinet side includes: 

4 ASSEMBLY, latch 

each ossembl/ includes: 

1 PIN, securing 

1 SPRING 

1 PLATE, index, plastic 

1 PLATE, locking 

1 CABINET BOnOM 

cobinet bottom includes: 

8 ASSEMBLY, lotch 

eoch assembly includes: 

1 PIN, securing 

1 SPRING 

I PLATE, index, plostic 

1 PLATE, locking 

2 COVER, plasHc 

1 HANDLE, corrying 

mounting hordwore: (not Included w/handle) 

4 SCREW, 10-32 x 0.512 inch, FHS 

2 PLATE, spacer 

2 PLATE, spacer 



1 FRAME SECTION, cabinet 

mounting hardware: (not included w/frame section) 

4 SCREW, 8-32x0.375 inch, 100' csk, FHS (not shown) 
4 NUT, keps, 8-32 x 0.343 inch 



1 FRAME SECTION, cabinet, lower left 

mounting hordwore; (rsot included w/frome section) 

4 SCREW, 8-32 x 0.375 inch, 100* csk, FHS (not shown) 



1 FRAME SECTION, cabinet, lower right 

mounting hardware: (not included w/frame section) 

4 SCREW. 8-32 x 0.375 inch, 100* csk, FHS (not shown) 



1 FLIP-STAND, cobinet 

2 FOOT, cobinet, left front & right rear 

mounting hordwore for each: (not included w/foot) 
2 SCREW, 6-32 x 0.625 inch, PHS 



2 FOOT, cobinet, right front 8i left rear 

mounting hordwore for each: (not included w/foot) 
2 SCREW, 6-32 x 0.625 inch, PHS 



4 PAD, cabinet foot 
2 RETAINER, block 

mounting hordwore for each: (not included w/retoiner| 
2 SCREW. 8-32 x 0.625 inch, Fil HS 
2 NUT, keps, 8-32 x 0.343 inch [not shown) 
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MANUAL CHANGE INFORMATION 

Al Tektronix, we continually strive to keep up with iotesi 
electronic developments by odding circuit and component 
improvements to our instruments as soon as they ore devel- 
oped ond tested. 

Sometimes, due to printing ond shipping requirements, we 
con't get these chonges immediotely into printed monuols. 
Hence, your monuol may contain new chonge information on 
following poges. 

A single change moy affect severol sections. Sections of 
the monuol ore often printed ot different times, so some of 
the infornsation on the change pages moy oireody be in 
your monuol. Since the change informotion sheets ore corned 
in the monuol until ALL changes are permonently entered, 
some duplicoiion moy occur. If rvo such change pages oppeor 
in this section, your monuol is correct os printed. 
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ELECTRICAL PARTS LIST AND SCHEMATIC CORRECTIONS 
TRIG. SEL. Circuit Board Assembly 

CHANGE TO: 

C319 281-0616-00 6.8 pF Cer 200 V 

ADO: 

C318 281-0616-00 6.8 pF Cer 200 V 




M16, 177/270 




7704 



TEXT CORRECTIONS 

Section 5 Performance Check/Calibration 

Page 5-17 Step 15 

ADD: the following parts to Step IS: 

i. Install the 7B70 Time Base In the B HORIZ compartment. 

j. Set the 7370 Tlme/Div control to .5 ms. 

k. Set the HORIZONTAL MODE switch to B. 

l. CHECK— Readout display for completeness of characters. 

m. ADJUST— Full Character Scan adjustment R1219 for complete but not 
overdisplayed characters. 

Page 5-17 Step 16 

CHANGE: part a of Step 16 to read as follows: 

a. Install the 067-0587-00 calibration fixture in the LEFT VERT compartment. 

ELECTRICAL PARTS LIST AND SCHEMATIC CORRECTIONS 

CHANGE: 



R1215 


317-0332-00 


3.3 kfl 


1/8 W 


57. 


R1218 


317-0183-00 


18 kO 


1/8 W 


57. 


R1219 


311-0634-00 


500 n, 


Var 





+ 15 V 




M16, 104/270 
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ELECTRICAL PARTS LIST AND SCHEMATIC CORRECTIONS 

CHASSIS 



CHANGE TO: 


L762 


108-0422-00 


80 uH 


T800 


119-0228-00 


Line Filter 


T870 


119-0229-00 


L. V. Power 




VERTICAL OUTPUT 


Circuit Board Assembly 


CHANGE TO: 


U22 


108-0095-00 


1.4 nH 




HORIZONTAL OUTPUT 


Circuit Board Assembly 


CHANGE TO: 


C583 


290-0305-00 


3 liF EMT 150 V 


C586 


290-0327-00 


0.56 ixF Fixed 100 V 


C593 


290-0305-00 


3 nF EMT 150 V 


C596 


290-0327-00 


0.56 nF Fixed 100 V 


R525 


321-0186-00 


845 n 1/8 W 




Z AXIS 


Circuit Board Assembly 


ADD: 


C731 


281-0537-00 


0.68 pF Cer 500 V 


CHANGE TO; 


R736 


301-0750-00 


75 0 1/2 W 



C3/270 
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RECTIFIER 


Circuit Board Assembly 


CHANGE TO: 


L872 


108-0422-00 


80 


L877 


108-0422-00 


80 


L881 


108-0422-00 


80 |iH 


L893 


108-0442-00 


80 tiH 



i-50 V 




C3/270 




